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Chart Speeds 


ITH the Brown Electric Strip Chart Recorder changing chart 
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To Our Readers 
HE editor announces the following staff change 
M. F. Behar is now Engineering Editor of INSTRUMENTS. He 
is a graduate of Pratt Institute of Technology in Industrial Mechanical 
Engineering, later continuing his studies at Columbia University. 

Mr. Behar has had a very extensive experience in the field covered by 
INSTRUMENTS. After 22 months with the American Expeditionary 
Forces, he served on the Technical Staff of the Chief of Ordnance in 
Washington, specializing in ballistic tests and development of small arms 
and ammunition. In the course of his service with the Army Ordnance 
Department he invented several devices, on some of which the Depart 


ment took out covering patents, naming him as the inventor 


For more than 5 years he was with the C. J. Tagliabue Manufacturing 
Company, and during that time he had occasion to write articles for 
the technical press, also booklets on industrial applications of instruments 

Mr. Behar was author by invitation of the article “Regulation, Auto 
matic” in the new 14th Edition of Encyclopedia Britannica and collabora 
tor om several other articles pertaining to industrial instruments. He 
also contributed the 75 page section on “Industrial Instruments and 
Their Uses” in the forthcoming revised edition of Rogers’ “Manual of 


Industrial Chemistry.” 


Beginning in the January issue, the first installment of a series of 
articles will appear under the caption “Engineers’ Handbook of Indus- 
trial Instruments,” this to be prepared by Mr. Béhar. The need for such 
information has long been felt by engineers and practical production 
executives. 

It is suggested that all readers of INSTRUMENTS call this announce- 
ment to the attention of the interested engineers and superintendents In 
their companies as the editor is certain that they will not want to miss a 
single installment of this important series. 
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ing 1929 
Dr. WALTER BLOCK—Measurements—Industrial and Sci 
In the January issue will appear the first installment of a 
articles entitled “Engineers’ Handbook of Industrial Inst: 
This series when printed in book form will sell at about $5 S 
I 
your subscription immediately. 
The February issue will be entirely devoted to Calorimetry. | 
tion to the following articles: 
Dr. S. W. Parr—Calorimetry in America 
W. E. STAcKHOUSE—Calorimetry, Its Importance and P 
the Gas Industry 
it will contain descriptions of the calorimeters available to-day 
cannot afford to miss this issue. The price of this issue will be $ 
Send in your subscription now. 
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Some Improvements in Balance 
Design 
J. T. Nichols 


URING recent years the so-called elastic knife edge has been used 
in a number of balances built for special purposes. It has certain 
idvantages which recommend it for general use in balance construction 
The use of a movable rider driven by a micrometer screw offers a means 
of doing away with the handling of small fractional weights in balance 
manipulation. In a few cases, where the desired sensitivity was not too 
great, reversing electric motors have been used to accomplish the balanc 
ing of screw-driven riders automatically. Here we have three innovations 
which have been tried out in special purpose balances but have not yet 
been applied to the design of balances intended for general use 
The advantages to be obtained by the use of these new ideas are 
1. Great ruggedness and reliability due to the elimination of sharp 
knife edges. It is a simple matter to design elastic knife edges so 
that, even if broken, they can be replaced without affecting the 
accuracy or sensitivity of the balance. 
Faster manipulation due to the screw-driven rider. 
3. Automatic operation in cases where the sensitivity desired is not 
too great. Semi-automatic operation a possibility in all cases 
4. Lower cost 


2 


No attempt will be made to discuss mechanical details of construction 
here since the possible combinations are almost unlimited and the choice 
of constructional details and methods depends on the results desired and 
the equipment available. The advantages of these new ideas will be dis 
cussed in a general way and a schematic design incorporating all three 
ideas will be included. 

Of course it is possible to use only the elastic knife edge, using con 
ventional design for the remainder of the balance. This change alone 
will produce a much more reliable and rugged instrument than is pos 
sible using the conventional type of knife edge 

The next step is to apply the screw-driven rider to the beam. This is 
only possible because of the ruggedness of the elastic knife edge and it 
eliminates the use of the smaller fractional weights or, when a lesser 
sensitivity will satisfy the requirements, the use of weights in balancing 
can be entirely avoided. The result is a considerable increase in the speed 
of weighing. 

When it is desired to further increase the speed of balance operation 
the use of a reversing electric motor to operate the screw-driven rider is 
recommended. In order to keep the natural period of vibration of the 
balance within reason the armature of the motor should be made in- 
tegral with the micrometer screw. The motor field and its windings can 
then be separately supported and, for convenience, two windings should 
be supplied, one for each direction of rotation. Suitable push-button 
switches may be provided to operate the motor by hand, or, if the sen 
sitivity requirements are not too high, contacts may be arranged on the 
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balance beam so as to cause the motor to balance automat 
ances constructed in this way have great possibilities for rapid, 
weighing. 

The illustration gives a schematic diagram of an automa 
anced, motor-driven, screw-driver-rider type of balance. In this 
micrometer screws, one right-handed, the other left-handed, 
with two riders of slightly different weights. When the mot 
the two riders travel in opposite directions and the effect of mov 
rider equal to the difference in weight of the two actual ride: 
tained. The location of the rider may be indicated either by a scal 
a revolution counter combined with means for reading fractional 
a turn. The counter would naturally be preferred because of 
of reading. It is only necessary to allow for a very small angula 
placement of the balance beam, so it is easily possible to support 
motor field and its windings separately from the balance bear 
armature is supported by the two micrometer screws. The direct 
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rotation of the motor is controlled by connecting one field winding 11 
series with the rotor for clockwise rotation and the other field winding 
for anticlockwise rotation. This is done by contacts attached to 
balance beam and, in this way, the balancing is done automatica ull 
When greater sensitivities are required than can be obtained by 
method the contacts may be removed from the balance be: am and 
ated by push-button switches. A mirror reflecting a ray of light cat 
used to obtain a more sensitive indicator than the usual pointer 
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Applications of the Electric Balance 
to the Continuous Solution of 
Mathematical Formulae 


Perry A. Borden* 


ETWEEN any two associated electrical conductors there exists a 

mutual reaction directly proportional at any instant to the product 
of the strengths of the magnetic fields produced by the currents in the 
respective conductors. This condition maintains so long as the relative 
position of the two conductors is fixed and the distribution of the field 
fluxes remains unchanged. The principle is exemplified in such instru 
ments as the Siemens dynamometer and the Kelvin balance. Since the 
field produced by an electric current in a circuit having no associated 
iron is directly proportional to the value of the current, it follows that, 
in all quantitative conceptions of torque magnitudes in such instruments, 
the conceptions of current and field may be used interchangeably 


The following statements, then, become axiomatic: 


(1) In the association of 2 electrical circuits, the mutual 1 I il to th t 
f the currents in the respectiv rcuits. (a, I 1) Wh 

(2) Between 2 electrical circuits carrying the same current, or irrents proportional 

nother, the reaction is proportional to the square of the current. (b, Fig. 1) 

(3) Between 2 electrical circuits carrying currents proportional respectively to the vol 
the terminals of a system and the current in that system, the reaction is proportional t 

that system. (c, Fig. 1) 

(4) In the association of an electrical circuit with a permanent magnet, t react lirectly 
roportional to the value of the current in the circuit 


The first-named type of element, known as the “electrodynamic,” 1 
shown dia srammiatically at A, Fig. 1, there being two fixed and Opp. sed 
“pancake” coils, between which lies a movable coil, attached to the 
swinging arm of the balance. The fixed coils are usually connected in 
series; and the movable coil may or may not be in circuit with them, 
according to the type of connection in use. With current flowing in 
both circuits, the reaction is in the nature of an axial thrust upon the 
movable coil, which develops into a torque about the center of rotation 
of the balance arm. The second type of element, commonly known as 
the d’Arsonval, is illustrated at B. Fig. 1. While this element may take 
any one of a variety of forms, that shown has been chosen for simplicity 
of representation. One pole of a permanent magnet is surrounded by the 
movable coil, which tends to move axially along the magnet, its direction 
depending upon that of the current in its winding in relation to the 
polarity of the magnet. It is evident that, while the electrodynamic ele 
ment is operative on either direct or alternating current, the d’Arsonval 
element delivers a sustained torque on direct current alone 


In the standard types of torsion dynamometer and electric balance, 
since the actuating torques are opposed by mechanical forces proportional 
to the deflection of the restoring element, it follows that the final meas 
ure of the electrical quantity is represented by a physical deflection, and 
that this deflection is proportional either to the quantity or to the square 


*The Bristol Co., Waterbury, Conn 
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, ‘ 
of the quantity, according to the nature of the associated 


circuits.* By a suitable combination of contacts and control m 


1 
1 1 1 
such a device may be made self balancing; and by the attachme: 





pen to the restoring gear, there may be obtained a graphic r 

current, voltage or power under measurement. This application 
in a number of well-known types of recording instruments 

If the weight or spring in an instrument of the balance typ 

placed by an electromagnetic source of opposing force, it is evid 

1 

I 


great flexibility in the relative proportions of measured and 


quantities at once becom:.; available; and by combinations of 

types of elements it becomes possible to obtain recorded solutior 
- ; ae ee ad ie er ae ie 

values Of Quantities which vary 1n accordance with more or less 


laws. An application of this principle is f 
of transmitting and recording power readin 
Kelvin balance type of wattmeter is opposed by that of a p 


t 


magnet moving-coil element, in which the current is regulated 


the medium of a control gear actuated by contacts on the balar 
the torque of the latter element is directly proportional to th 
in the electrical circuit, while that of the former is in proportior 
watts in the measured circuit, it follows that there flows in tl 


cult a current at all times proportional to the power in the m 


circuit. This is a sionneinsatetesin illustrated in Fig. 1 
(a) —-I,; 4, ——_ — Poe TcKi,l, cose 
I a reas D« Te]? 
fn em Pa T el cost 
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7] - B 





























ConTro] of —l1|1] 7. 


In general, it may be said that the basic principle of such a 
consists in producing through the agency of electric currents a mech 
f the quantity or quantities 


reaction whose value is a function 


measurement, and balancing the force of this reaction by an equa 
Opposite reaction produced through the agency of a derived 
Before entering upon an analysis of the arrangements by which 
matical processes may be carried out, there are given a few notes ex] 
tory of the accompanying diagrams. Fig. 1 shows in some deta 
arrangement of one transmitting unit of the “current system” of 
metering. A and B are respectively electrodynamic and d’Arsonval 


elements, balanced on an arm which is pivoted at an interm 


Ot 
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t. (In the actual instrument there are usually two electrodynami 
elements for the measurement of polyphase power.) Through contacts on 
balance arm the motor M is actuated, operating a rheostat of the 
ntiometer type, and regulating a battery current through the element 
B in such a sense as to oppose the deflection of the arm and restore th 
system to equilibrim. This battery current, which is known as the “de 
rived current’ (D), may be passed through other measuring circuits, 


1 


forming a link in a chain of metering elements. In the other diagrams 
detail of the control mechanism are omitted, and the derived cur 
nts, indicated by D,, D, etc., considered as being under control of the 
rques T,, T, etc. on the respective balance arms 
Products. Since the fundamental principle of the electrodynamic ele 
ment is that the torque be proportional to the product of the currents 
flowing in the respective circuits, it follows that, in order to obtain a 
product, it is necessary only to represent the magnitude of the two 
quantities to be multiplied together by currents in these circuits. If thes 
be alternating currents in phase agreement or direct currents, the true 
product is at once obtained. If they be alternating currents of the same 
frequency but out of phase, the torque will be proportional to th 
product of the two currents and the cosine of the time-phase angle be 
tween them. In the wattmeter, the currents are proportional to and in 
phase with the line current and voltage respectively, giving a torque, 
ind hence a derived current in proportion to the value of tl 


ne pr We! 















the measured circuit. 

Ratios. For the purpose of obtaining ratios, the balance is arranged so 
that the total torque is »roportional to the quantity which forms th 
numerator of the fraction. The restoring force is produced by an electro 
dynamic element, carrying in its circuits currents respectively propor 
tional to the denominator of the fraction and to the derived current 


The arrangement is shown in Fig. 2. Since the numerator is proportiona 
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to the product of the derived current and the denominator, it follows 


that the derived current represents the ratio which exists between th 

numerator and the denominator. 

Powers. When two circuits in an electrodynamic element carry th 
same current, or currents both in proportion to the one quantity, th 
derived current in a d’Arsonval element will vary as the square of th 
first-named current or the quantity which it represents. If this derived 
current be passed in turn through a second electrodynamic element, the 
process will be repeated, and a torque or second derived current ob 
tained, varying as the fourth power of the original quantity 

If, instead of a d’Arsonval element, an electrodynamic element | 

used for the derived current on the first balance arm, the square of th 
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derived current will be proportional to the torque; and hen 
1 eer see eal ean bet f 

will be directly proportional to the original current. Third 


therefore be obtained by combining in the 2 circuits of an elect 


element derived currents proportional respectively to the origi 
tity and to its square, the resulting reaction representing their 
and therefore the cube of the original quantity. This arrang 
shown in Fig. 3. It thus becomes possible to obtain a value 

to any desired whole power of a current, voltage or quantity 
thereby. 





























a ———— \ 





“J bd, o< Ty < DD oc IT? 1? 


I 


Da W, «71z* 
Die T «< I’ 


Roots. The process for obtaining roots is basically the rever 
for obtaining powers. Opposing the torque on the balance 
derived current through an electrodynamic element, this current 
proportional to the square root of the torque, and therefore of 
rent or other quantity represented by it. And by repeating this 
ation there is obtained a value representative of the fourth r 
original quantity. Cube roots are obtained by a slightly different 
ment, shown in Fig. 4. The quantity measured is opposed by at 
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dynamic element carrying 2 currents, one of which is under conti 
the first balance arm and is passed through a single-circuit electrody: 
element on the second arm. The torque thus produced on the 
arm is opposed by the other of the above mentioned 2 currents, fl 
in a d Arsonval element, this current being under control of the s 
balance. By this means the square of 1 current is kept proportiot 
the value of the other, and their product to the original quantity. 1 
it will be seen that the first derived current (that which passes th1 
the electrodynamic element on the second arm) is proportional 
cube root of the measured quantity, while the second derived curr 
proportional to its 2/3 power 


<i 
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ums and Differences. Since the total torque on the balance arm repre 
s the algebraic sum of all the reactions exerted upon it, it follows 
where the algebraic sums of quantities are required it is necessary 
nly to represent them by reactions and apply to a balance arm, opposing 
them by a d’Arsonval element, when the derived current becomes pro 
portional to the desired value. If, then, the algebraic sum of alternating 
currents is desired, they may be ‘balanced by proportional direct currents 
and these added, either by interconnecting or by applying to a balance 
arm in d’Arsonval elements. If the sum of the squares of several currents 
is desired, it is necessary only to apply to the arm the torques produced 





by these currents in electrodynamic elements 

When the value desired is the vectorial sum of a number of alternating 
currents, the simplest method is to parallel these in one winding and 
measure the resultant. If this is not practicable they may be combined in 
a multiple-primary current transformer. If however, it be necessary to 
make the summation in a balance, a special construction is required, 
having for the several currents superimposed windings on both fixed and 
movable parts. The torque so obtained is proportional to the square of 
the resultant of the currents, and may be treated by any of the methods 
described in previous sections. 

Trigonometrical Functions. In the introduction of trigonometrical 
functions into a system of calculations it is assumed that there is available 
a physical movement through an angle corresponding to that whose 
function is to be incorporated in the formula. Such being the case, there 
are several ways of representing the angular function by a current or 
force upon the balance arm. There may be attached to the moving 
part a device similar to an induction regulator, giving a current repre 
sentative of the cosine of the angle of rotation from a certain fixed point; 
as in Fig. 5, the permanent magnet of a d’Arsonval type of movement 
may be so mounted as to rotatable about an axis through the line of 
the conductors in its field. What probably constitutes a simpler and 
more accurate construction consists in the use of a uniform slide-wire 
associated with the moving part through a mechanical linkage suited 
to the desired function, and connected to the balance circuit by a system 
similar to that shown in Fig. 6 and described in the following paragraph 

Translation of the Measured Quantities. In those instances where the 
quantities to be measured are of an electrical nature they may usually be 
treated directly in the balance element without any mechanical inter- 
position. The quantity which best lends itself to measurement is, of course, 
a direct current, which, when associated with a permanent magnet, pro- 
duces a torque directly proportional to itself. The same applies to wat- 
tage, when measured in an electrodynamic element. If the quantity under 
measurement is an alternating current it may either be treated as such 
or translated into a direct current of proportional value, as in the upper 
balance arm shown in Fig. 3. Where it is desired to make one quantity 
proportional to a linear motion, such as a gate-opening or a water-level 
indicator, the logical method is to associate with the moving part a 
theostat (preferably connected as a potentiometer), and cause it to 
control the current in the measuring element. Since, however, any cur 
rent taken from the tapped point of such a rheostat will tend to destroy 
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1 1.1 1 
proportionality, the design of a suitable control devic 


1 1 
ate and subject to error caused by line conditions. In su 


.¢ 
1 voltage derived from a constant potential source, and oy 
Irop produced by the derived t f 
he drop produced by the derived current in a fixed potent 
1 . 7 ‘ 
uch an arrangement is shown 1n Fig. 6. If the motion whicl 


1 1 


present be of a rotary nature the moving part may be either 








( ected to the rheostat, or engaged therewith throug 
‘ , 
yiving trigonomtrical relationships, as suggested in th prece 
ra¢ ] slatinncl h ] . 
oral Non-linear relationships, such as tnat betwee tne ] 


ind the area of opening of a valve or gate, may be corrected { 


1 
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use OF potenhhometer-type resistance cards with calculated < 
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may here be noted that where the variable follows a definite 
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ical law, 1% a resistance card oT negug ble thickness De 1s d 
side Straignt, the equat on ot ng tne ther s 
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discharged through the measuring circuit. This arra 


+ 


direct current whose mean value is directly proportional to t 


~ > ] rp Yo > aal ‘ a 
he contacts, and therefore to the velocity 


tion of Constants. The introduction of const 
ties and their adjustment for different specific problems is a ver 
vatter. Where the quantity under measurement is a voltage, 
urrent directly into the measuring circuit, the constant is cont 
the value of the circuit resistance. If it be a voltage translat 


urrent through the medium of a fixed potentiometer the consta 
be regulated by adjustment of the potentiometer setting. In e' 
the measured quantity being a current, the constant will 
the number of turns in the actuating coils; and in the case of 
current, it may be controlled by a suitable shunt across the meas 
circuit. In the electrodynamic element a simple way of adjusting 
strength of action is found in altering the spacing of the current 
and, with this in view at the time of design, a very effective microt 
,djustment can be introduced in the construction of the m 


fe Sul 


l > ) 1 “ ] _— . Ls ] slats 

Interpretation of the Results. The final result of the calculat 
ee Ee ee ae ee as 2 eee cena, ae ae 
ied if iny of the arrangements which Nave Deen Gescriped 1s 
] 


in the form of a mechanical torque or a derived current, and thes 
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s may be treated in a variety of ways. The torque may be made to 
) 


rate a recording mechanism, such as is found in a number of types 


graphic instruments, and give on a chart a permanent graphic record 
results of the measurement and computation. Or, by utilizing the de 


rived current, the record may be made at a remote point, and if desired, 


lized with results of a number of similar measurements. If instan 
eous values only are required, the derived current may be measured in 
indicating ammeter, while if the current be passed through an ampere 
ir meter the registration on the dials furnishes a mathematical integ 
tion of the solution of the formula, between any selected limits of time 


i 


Some Applications of the System. The essentials of the system de 


scribed have already found a number of applications, among which may 


iin be mentioned the relay type of recording ammeter, voltmeter, and 
vattmeter, as well as the Pierce current-balance for transmitting power 

asurements. There has been developed by the writer and put into 
ractical use a method of measuring the volt-amperes in an alternating 
current system, wherein 2 sets of electrodynamic elements measure the 
watts and the reactive component respectively, these quantities being 
squared and added, the square root of the result extracted and expressed 
n the form of a direct current;—this being proportional to the desired 
quantity. Another application lies in the measurement of power factor 
There are available formulae for both balanced and unbalanced loads, 
which express the tangent of the equivalent phase angle of the load in the 
form of the ratio of 2 quantities, both easily measurable in elements of the 
electrodynamic wattmeter type. By measuring these values and applying 
them to a ratio-measuring combination, the result obtained represents the 
tangent of the angle whose cosine is desired. If the scale of the final 
recording mechanism be graduated in terms of the power factor repre 
sented by the values obtained, it will be found that this scale, while not 
uniform, has a very desirable proportionality. A continuous measurement 
wf the actual or equivalent resistance of a circuit may be made by com 
bining the voltage and the current in the system in a ratio-measuring 
unit, when the value of the result becomes proportional to the resistance 
wr to the conductivity of the circuit, according to the scheme of connec 
tions employed. 

While it would seem that this system of measurement, in the hands 
f the electrical engineer has possibilities limited (like those of the slide 
rule) only by the user’s ingenuity, and that it could be developed in a 
variety of forms, suited either to installation in the power house or in 
the engineering office, yet its principal application appears to lie outside 
the field of electrical engineering, and in those branches of work, such 
as hydraulic, where rather involved formulas are continuously being 
encountered. For example, there may be mentioned a type of flow meter, 
making use of a V-notch, the flow varying as the 5/2 power of the depth 
of the stream. By means of the system described this quantity can be 
converted into a linear quantity, thus enabling totalization, as well as 
transmission of readings. The system also lends itself to recording the 
values obtained in flow measurement by Pitot or Venturi tubes; and in 
the measurement of gaseous media. It becomes a simple matter to intro 
duce compensation for specific gravity or pressure. In electrical flow 
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meters, such as the Thomas or King types, the derived electri 


Incorporated in formulae. For 


ing the flow through ic turbines, the measured current 
placed under control of the gate mechanism; and if the secti: 
the water passages is not proportional to the deflection of any | 
rection can be made by tl iall 


y the use of a specially designed rheostat 


] ’ r ‘ 1 
plained in an earlier paragraph. This value, combined with a 
representative of the head on the turbine, provides data for 


a derived current directly proportional to the flow of wate: 
summation of a number of these currents, to the total divers 
1 power house or a system of power houses. Where there ar 
nt rath = nd the nracti 1 rano f +} vcetem inder 
Me LYTALIONS DeEyonad the practical Tanve OT tne system unde ] 
many of the problems can be handled by combining this syst 
Continuous Integraph developed by Professor Bush 

Reference has already been 1 ide to the use of 1 count 
1 basis of measuring velocity; and if the velocity be of a r 
nature, the electrical system is readily applicable to a numb 

I entrifuga tach meters The re nave be n de VE loped several t 
sion dynamometers, in which an electric current is made pro} 
to the torque upon the shaft. By combining this current in 
dynamic element with another proportional to the velocity t 
obtained a reaction representative of the value of power transmitt 


Dalancing this value through a ratio measuring combinatior 








the electrical output of a generator (or input to a motor), ther 
tained a continuous measure of the elficiency of the electr 
1 1 1 y q 
by expressing the relationship as a difference, rather than as a 
Ae a oe Rig ee er es eee 
the result appears as a record of the iosses 1n the apparatus 
+ h;] +} ] + ] 
The recording and integrating possibilities of the electrica 
1 1 1 1 
render it highly desir bie Tor use with continuous weighing a 
‘ pnt a | 1 for grain. fucl Pe ; 
ing machines, such as are used for grain, fuel and crushed 
coupling the weight and velocity characteristics of such appat 
is obtained a simple and accurate means of determining the c 
nd er eae aE Cee he eee: eames eee ee +] 
ind cost of Such materials; and Dy applying the principle out J 
preceding paragraph to the fuel input and power output of an « 
plant, over-all efficiency or losses may be made the basis 1 
neasurement 
il alae 
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4. THE SHAPE OF THE UNITS 


(a) Shape of Units of Length, End Standards and Line Standards. 





End standards are units of length in which the entire length is repr 
sented by the distance between two limiting faces; they are ca 
standards if the distance between two limiting lines represent the en 
tire length. For end standards, rod and unit have the same length, for 
the line standards, the division is usually not carried out to the end of 
the rod which in most cases projects beyond both ends of the unit of 
length. In commerce, i.e., for the measures of long dry goods, in indus 
try, 1e., for folding rules, and also in the scales used in the shop, mea 
ures are frequently used in which one edge of the limiting face at tl 
same time serves as limit for a division on one surfa Such measures 
are called line end standards. For more precise scales, such combina 


tions are generally avoided and pure end standards and pure line stanc 
rds are preferred because the adjustments for faces, edges, and lines 
have different accuracies. The first embodiment of the meter, th 
French Archives meter, is an end measuring standard, 
bodiment, the International meter prototype, a line standard. On the 
contrary, the first prototype in Prussia made under 
weights and measure of May 16, 1816, having a length of three feet, 
was a line standard, the second made in 1835 was an end standard 


. : of ' ‘ at F shade: ds 

The prototype of the yard is a line standard. From this in be se 
that there were different opinions in different countries and at differ 
times as to the suitability of the two types, at least for units of tl 

oa ss F N | ak 1 ee | 
greatest accuracy. At present, the metrological scien prefers ll 
standards, the geodesists, surveyors, etc., however, cannot do without 

] ] ic , af 
end standards, and industry also uses them more and more frequ 
| 1 


especially recently, in addition to the line-measures, particularly if a 
greater accuracy is required. 

The simplest form of an end measure is a rod of any section which 
is Cut perpendicular to its axis at its ends. The end-faces over theit 
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whole surface form the limits of the total length. As an 
be mentioned the Archives meter. The German pl 








meter, until the year 1884, legally representing the mete: 
same shape. It was procured in 1817 through Alexander von H 
from Fortin in Paris and has, as Fig. 3 shows, a rectangul 
25.8 by 5.65 mm. This rod was, compared with the Archi 
the first time in 1817 by Arago and Humboldt, and agai: 
Brix, Morin and Regnault, and was found to be longer | 
at the temperature of melting ice. The difference of the t 
given to one hundred-thousandth of a millimeter (0.014) 
measuring rods of this shape will ¢ 
a plied with advantage only where accura 
one tenth of a milliameter are required 
Section of the The measures of length are used f 
eee the straight-line distance between points. | 
therefore, be expected to represent them by material lines, as 1 
be done, to give them at least as small a section as possib 


4 
obtain limiting faces of as small exte 


too far in this respect as otherwise the deflections of 


come too great and too irregular to permit reliabl ; 
compromise must be made so that the limiting faces 

area. Under certain conditions this might even be of ad: 

can then be used anywhere on their surface, and that 

is shown, i.e., by the condition of the limiting faces of the A 


meter which show impressions over a great part of its 
t 


could imagine all such measures to consist of ; ry or 
uni-directed elementary rods which are combined into on 
elementary rod has its own total length. If all total leng 
actly agree with one another their limiting points on bot 
be in one plane, or, what is the same, the limiting f s of 
ae ra ee eee att Ed ST 
uring rod must be: 1. absolutely smooth, 2. absolutely parall 


lutely perpendicular to its axis 
From this requirement it follows 





o a" 
further that when making a meas — \ 

h 
urement this axis must be laid in e. 
the direction of the straight line 





to be measured so that those 
points of the end faces, which are | 
use<!, are located exactly opposite 
each other, that means, belong to 
the same elementary rod. If the 
axis of the rod forms an angle 
with the mentioned line t 
tance obtained is too long 
Three requirements are there 
fore placed on an end standard: 
1. The measuring body must not show a deflection, 2. the | 
must be plane-parallel and at right angles to the axis of tl 
oblique position should be impossible 
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ve first condition can, apparently, be easily fulfilled because if the 
m of the body is made sufficiently large no deflection whatever 
yccur. Unfortunately, a limit is very soon reached here as the rod, 
increased thickness, becomes too heavy and unwieldy. On the 
r hand, one has at least succeeded, by the following reasoning, to 
ice the influence of the deflection to a minimum. If a rod as illus 
d in Fig. 4, has a deflection downwards the distance of two points 
its upper surface will decrease, the distance of two points on the 
ler surface increase. If the rod deflects upwards conditions are re 


rsed. But in both cases the rod suffers in its center layer represented 
] 





the dotted line as shown in the figure, 

1 very insignificant shortening in the 

xis of the rod, never a lengthening. 
This layer is called the neutral layer or 
neutral plane. As a rule, the deflec 
does not follow such a simple course, 
rod assumes different shapes, accord 





to whether it is supported over its 
whole length or only in a few points; 
it its change of length is always least 
the neutral plane. In order to be independent of the influences of 
leflection as much as possible, the section of the body of an end stand 
id will therefore, be made, on the one hand, as strong as possible or 
ff suitable shape, on the other the limiting faces or also the body as 
i whole will be shaped so that it can be used only in the neutral plane 
proper or at least very close to the latter. Finally, a material of suffi 


(full ze ) 


. 


cient strength will be selected for the measure, which is also necessary to 
protect the end-faces against external impressions especially against 
mpacts. This and the means which are applied to limit the effects of 
deflection during the use and comparison of the standards will be dis 
cussed below. 


As a rule, a rectangular section (square or parallelogram) or a circk 
is chosen as the shape of end-standards 


The fundamental end standard of the meter, however, has the sam: 
X-shaped section as the prototype (line-standard) of the meter. This 
shape automatically assures measurements only being made close to the 


neutral plane. For the other section shapes one can not very well speak 
f a neutral plane since its position changes with the position of the 
od. The length of the rod is, therefore, generally considered as thi 

distance of the end-points 


of the axis in which the 

et neutral planes intersect, and 

a precautions are taken to a 

I tually measure only in the 

having knife-shaped edges. axis. Accordingly if greater 

stress is laid on the greatest 

protection against impacts or against oblique position of the rods in 

comparisons this is accomplished by marking the axis especially at the 
nd-faces or by having them project from the end-faces 
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If the first method is chosen it is sufficient to ele a ¢ 
axis as a center on is plane end-face. In fact, Bes di 
making the Prussian fundamental unit of three feet pit 


he fundamental measure made to his specifications by thx 


— ey 
Ww 
x 

4 

s 


cast iron rod of square section 9 li 
mm.) on a side. Into the ends conical shaped holes increasin 
ter towards the inside are drilled, into which are inserted 


ircular sapphire cones in a gold setting. The end-faces are th 
| 1 1 » | 
with the sapphire cones and pol lished so that the sapphires 
1 Y 
the end faces as small circles which have the axis as center. 7 


e construction can be seen from Bessel’s paper.? | 
} 


slicas of t 


he sapphire cones. The protection against side impacts is 


1e prototype, cones of hardened steel were used 


here, protection against front impacts lies in the hardness of 
terial (jewel, hardened steel) but an oblique position is not 
is marking of the axis of the rod alone is not an absolut 
against improper use. 

One of Baumann’s replicas has been further improved 
mechanic C. Reichel in the following manner: The measuring 
square section was turned down at both ends so that two cylit 
28 mm. length and 18.5 mm. diameter were obtained. Thi 
was then again turned down so that only a small cylinder ot 
6.8 mm. and 1.2 mm. height remained. In the centers of th 
sapphire cones of 3 mm. length having a slight taper wet 
which are bounded on both ends by plane surfaces and 
zones of spherical shape. The external boundary surfaces hav 


ter of 3 mm. Each end of the body forms a cavity exactly fitt 


jewel, the bottom of the cavity is provided with an axial depr 
only touching the jewel in a ring which assures an intimate 
As Fig. 5 shows, the originally cylindrical projection of the m 
body is pressed over the spherical zone of the jewel in such a 1 
that the sapphire cone is held in the steel body with great 
Finally, the end-faces are accurately ground parallel by a special 
od. The details can be obtained from the description by Loew 
With this manner of forming the standard the danger of an 
position is almost entirely avoided, but the protection against 
from the side receives less consideration 

In the Archives meter and the International prototype, as a 
the rods of Bessel, Baumann and Reich aL ae shaping of the et 
is naturally given the utmost care in order to fulfill the second 
tion; the rods of Bessel, especially, however, those of Reichel 
preference because the smaller the end-surface the less the def 
the plane-parallelism of the faces and their position with refere: 
the axis of the rod can influence the measurements. 

In certain surveyors measuring rods the measuring body 
rectangular section but the ends have knife edges so arranged 
the edge falls in the neutral plane. The center of the edges is, 


{Darstellung der Untersuchungen und Massregeln, welche in den Jahren 1835 : 
lie Einheit des preussischen yenmasses veranlasst worden sind F. W. Bessel, Berl 
\Loewenherz: Bericht wissenschaftlichen Instrumente auf der Berliner 





stellung 1879 
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rule, specially marked. If the two end-faces are placed so that they 


| ~ 
form a right angle to each other their edges intersect in the axis. T 
rods are of steel with hardened ends. Taken by itself, this solution 
seems to be the best because here the length ot thi unit seems to be 


Jetermined by a line. Actually, rods with knife-edged ends are used 


ly for such measurements in which the requirements of accuracy ck 
exceed a few hundreds of a millimeter. If greater accuracy is to h 


, : eae ig 5 ieee eee. 
htained, edges and axis of the rod must be located in the same hor 










zontal or vertical plane. Further, the edges must also lie in planes 
parallel to each other and vertical to the first-named plane. These co 
litions are difficult to meet especially with larger sections of the meas 
ring body, and it is usually satisfactory to fulfill them approximatel) 
since the above mentioned shapes have fully proved their worth for 
high-grade measuring rods (Fig. 6) 
With the end standards must be classed, in addition to tl 

uring rods just discussed, also certain kinds of gages. The mode of 








designation varies. The difference between measuring rods and gages, 
however, lies in that the measuring rods must conform to a certain 
measuring system with respect to their length while the length repre 
sented by gages can be anything and is only determined by the pur 
pose of its application. Guillaume® defines as end standards (¢étalons 4 
bouts), also such gages which not only serve for the measurement of 
the distance between two points but at the same time for checkir 
uurse of surfaces (cylindrical holes, slots, etc.). He distinguishes thr 
6Ch. Ed. Guillaur l état east juestion d ‘ 

in ok uke Gibeknetinask ¢ ttee on Weights and M 
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principal forms: the cylinder which gives the val 

diameter; the rod, with spherical shaped end-face 

plane-parallel end-faces. The first class are the 

measuring-discs also belong here, as also the plug 

definition of end measure is still applicable to these 
| 


ful. With the same right all gages for checking odd s 


designated as end measures as they all have the same 
| 1 1 

mine whether the distance of planes is exactly un 

the course of surfaces remains within the require< 


other hand, end measuri1 
cal ends which are used 


Bi 


diameter in the place of g 
‘4 | gages can also be used f 





I I tances hey vel rally | 
nak section and are tapered at 

t : center of the sphere coin 

of the axis the 1 isurem 

out along one of its diameters; an oblique position 


: : 
has no influence on tl 

7 1 ma | 
plication, where the rods are held in the hand: The 
ever, be rather disagreeable especially as the rod, 


supported in the center 


The discs with plane-parallel end-faces, also call 
rectangular pieces with rectangul: 
nesses. The material is carbon-steel. The limiting 
and highly polished. The parallelism of the two 
iccomplished by a special process so accurately tha 
different parts of the surfaces differ by only a 


millimeter (tenth of a micron). Also the nominal 


few tenths of a micron. Planeness and polish of 
perfect that the measures shoved (not placed) on 
slight pressure adhere to each other without force 
supplied in’ sizes of 0.5 to 100 mm. in steps down 


first of such sets of gage blocks was made by Joh 
Sweden), but they are now manufactured by 
several firms. By putting together several gage 
blocks all sizes up to 200 mm. can be obtained 


For a number of technical purposes, i.e., for 





checking of snap gages, inside and other cali 
pers, or of slots, or in marking, these measur 
ing discs are extremely useful. They ar 
intended as measuring rods and cannot b 
applied as such because of their shape and 
short length. Very recently, however, t 
have also been manufactured in larger lengths 


The end measures have only one measuring 
th, they are therefore used to advantage 
only where it must be determined whether a cert 
distance between two surfaces, width or | 


fied. Their range of application is for this reason 








; ; 
ve result which is a great advai 
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yages. If it is necessary to measure distances, line-measures should 
sed. They can be considered as being composed of as many end 
ures as they contain divisions, and in this their special advantage 
Bessel, who was especially inclined to end measures, raises th 
hjection to line-measures that the definition of the measure by the 
distance of the limiting faces of the rod has the advantage, as against 
definition by the distance of two points on its surface, because thi 
yer is changed in value by bending as the square, while the latte: 
subject to a change in the order of a product of t 
distance of the points from the axis of the rod. This is true, but 
sures With a division on or in the surface are used only in the cas 
re the bending can be neglected with reference to the required 
iccuracy of the measurement, or if the rod is supported in such a 
nner that the deflection is very nearly overcome. In high-class meas 
ing rods the line representing the length is placed, for both end 
measures and line measures, in the neutral plane of the measuring 

















dy. 


Various methods have been tried to fulfill this requirement. Kater 
cuts the metal down on both ends of the measuring body to the axis 
§ the rod (Fig. 8) and in this way obtains faces lying in the neutral 
plane on which the end-lines can be engraved. Sub-divisions can not 
be put on these measures. Troughton and Simms, in 1845, also retained 
the full measuring body when making the prototype of the yard, they 


1 


nly drilled a cylindrical hole to the axis of the rod at the two places 
where they wanted to place the end-lines of the measure. The lines 
ie engraved on the bottom of this hole (see description, page 344) 
This solution can not be considered a very satisfactory one from thi 
point of view of illumination. It is decidedly bette 
vhole measuring rod down to the center plane and thus to lay ba 
the neutral plane for the whole length. This method has thi 
idvantage that the measuring body becomes lighter and the rod easie 
to handle without impairing rigidity. Its application has led to 

principal forms of section, the X-shape and the so-called trough-shapx 
The X-shape was proposed by Tresca and was applied in the proto 
type of the meter (Fig. 2). It was especially imperative due to the cost 
ind density of the material. The trough-shape (Fig. 9) has been used 


-r to cut out 


further 


1 
I 
) 


r 2 measuring rods of the Physikalische Technische Reichsanstalt, 
me of which was made in 1878 by J. A. Repsold’s Sons, Hamburg, 
the other in 1888 by C. Reichel, Berlin. Measures of this kind ar 


theoretically without objection and also permit engraving divisi 


ver the whole length. Industry and commerce, however, prefer a 
division on the surface of measuring body which, although not sati 
factory where the highest accuracy is desired, still is more advanta; 


ous for common use because the length to be measured can usually 


letermined by placing the rod up to, or on, the piece to be measured 
Depending on their purpose these measures have quadrangular, squar 
rectangular, diamond, or round (circular or elliptical) sectio () 
rods with diamond shaped section (with bevelled edges), the di 


le on the side-surfaces 
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Measuring tapes, measuring wires and tape lines form a sg; 
as the disadvantages with regard to accuracy of the measur 
to deflection are not counteracted by a special shape of secti 
1 tension determined by experience. Tapes and measuring 


used 


in lengths up to 300 feet especially in geodetic sury 
have proved to be very satisfactory 

Bessel has the further objection to line-measures that th 
seen differently under magnification by different observers. 7 
hol nly for 


jection, just as that first mentioned, Ids good only { 


nd is f no importance for measures 


precise measures ana 











because of their lower accuracy. Bessel could have added that tl 
are seen differently even by the same observer at different 
tions. The reason is that the line is nothing physical, has no | 
is simply an interruption of the surface, a hole, or a gro \ 


is seen the line of the deepest shadow which changes its posit 
parently or actually according to the condition of the ey 
different observers, further for the same observer accordi 
condition of his eyes at the time 
depending on the degree of fatigue or state of | 
independently of the observer, according to the brightness, nat 
location of the light source. This change is the greater the ' 
deeper the line is, and the more the upper edges are round 
attempt was made to overcome this drawback by filling in 
with a black mass, which then appears as a dark line on th 
lighter body of the measure. G 
first copper-plated a scale of nick 
t polished off the copper from tl 
ly polished body so that it remai 
in the grooves of the lines, and 
etched the copper black. This 
neat black lines on a light backg: 


very interesting suggestion was 





l I } = os 1 

ght with ring Pensky. He draws very fine thi 
cob-web over a metal frame wi 

late. If this plate is illuminated f1 





covers with a frosted 


TGoepel: Erfahs Herstel Nickelstahl-Skala. Deutsche M 
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nes appear black on the yellowisn-white backgrour d. A chan 
sition of the source of light in the case has no influence. More 





\ 
4 aan 14 
tly, harder metals are used for finest s s, the ling 5 
: 
deeply engraved and a ide of smalles 5 vidth. In this 
- 1 7 
the prototypes of the meter have a e- wit ily 6 to 8 































this was later reduced to 2# width so that 
, different conception of the lines and their loc 
arranged so that tl 
tudinal lines a very short distance 

] 


ley are intersected a 
apart The 
n those places of the cross-lines lying betwe 
whereby the length of the measure is clearly 
line-measures are absolutely equivalent t 
surpass them, as regards invariabilit 
g-pins (contacts) must be used, even with the 

contact faces can hardly be entirely avoid 
ires therefore show small 


indentations on ths 





measures, Comparisons are made with magnifying nic I 
reading telescope so that an injury to the lines is almost excluded as 
they are not touched. Where the highest accuracy is required the 
metrological science for some time has preferred the line-measures to 
the end measures and has particularly favored their perfection. Only 
recently has greater attention been paid to the end measures. Sinc 


11s 


} t } “+ } } L] 
industry has demanded that machine parts be interchangeable, a pri 
cision machine construction has been developed in which a hundredth 


1 


f a millimeter is of importance. If, therefore, precision gages must bi 
within 0.01 mm. the gages used for checkin 
greater accuracy. The measures required to 
iccurate are, therefore, not permitted t 
value by more than a few thousandths of a millimeter. That the art 
is capable of satisfying these strict requirements, especially for ga 
blocks is a clear proof of its high state of perfection 

(b) Form of Units of Mass and Volume. T 
for weights (units of mass) is that which has the least surface becaus 
it offers the smallest surface to wear; this would be a sphere. In former 
times, stone spheres with handles were often used as weights but 
generally only for beam-scales with unequal arms on which they were 
suspended. They cannot be placed on scale pans as, for this purpose, 
1 segment opposite the handle had to be cut off the sphere to enabk 
them to stand. This so-called bomb-shape (Fig. 10) is still used for 
weights in Russia. It was in use in Germany until the year 1884 for 
weights up to 50 kg. in order not to have to carry these heavy pieces 
from place to place but to roll them. Besides the bomb-shape, the bell 
shape with a ring attached was much used formerly. (Fig. 11.) Both 
forms have the disadvantage that the handles can easily be broken off 
To avoid this drawback the weights were then made with a button 
(Fig. 12). The body of the weight has the shape of a cylinder with 
circular section tapering upwards to a smaller neck which again 
broadens to a thicker head or button. Weights of this type are easily 
handled, stand firmly, and assure sufficient protection against wea 


- 





he most suitable shapx 


1 


use. Neck and button are omitted only in weights of extreme accuracy 
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because all contractions permit the collection of dirt. Su 
must be handled with torceps, the jaws of which are li 

leather or velvet. The British prototype of the pound ha 
ided with a circular groove for the forceps. This arrang 


t 
sidered as faulty for the above mentioned reason 
In the prototypes, the height of the cylinder is equal to it 
For tl 


he less accurate weights a higher shape is preferred 


J 


practical reason that more of the narrower weights can | 

the same space. Weights for commercial use from 200 g1 

ward, have broad shapes diameter greater than height 

pieces with too small a base fall over easily. In some count: 
2 4 - - 1 

tria, Hungary, France, etc.) the commercial iron weights a: 


the shape of a truncated hexagonal pyramid with a collapsil 
tor lifting (Fig. 13). This was formerly also used in western ( 
because these weights can be placed one upon the other w 
be done with weights having the button. However. these v 


ry tast as the edges are knocked off 
1in discs: i 


Weights under 1 gram 
n Germany for better distinction the 
series (500, 50, 5 mg.) hexagonal, the 2-series (200, 20, 2 mg.) 


and the I-series (100, 10, 1 mg.) triangular with one bent-u 
For analytical balances, bent wires (riders) are used as addit 
sensitivity weights for placing on the beam which, 
generally provided with divisions 

Measures of volume (dry measures) are usually given tl 


bh til 
¢ 


i straight cylinder with circular section. In liquid measur 
is generally much greater than the diameter as with incré 
ness of the 
gard to the permissible limit of error in commercial mx 


errors of adjustment become smaller. In liquid measures, flu 


mo 


vessel the accuracy of the measurement increases 


ures and line-measures are distinguished according to wl 

level of the liquid is indicated by the upper edge of the 

by a line placed on the measure, generally around it. In th 

the measuring body tapers upward having a bottle-shap¢ 
Conditions are reversed for dry measures. Number and d 


of the interstices become the smaller, and the setting of the 

more uniform and denser, the wider the container is. Thes 

ures are therefore given the shape of a flat cylinder with lar 
height. Large measures sometimes have a box sl 
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Measurement 


of Air Flow 


E. Ower, B.Sc. (Lonp.), Hons.I., A.C.G.L. 


Bramwell Medallist; Member of the Institution of Heating and Ventilating 
Engineers; Assistant in the Aerodynamics Department, 
National Physical Laboratory 


CHAPTER IV. 
THE FLOW OF AIR IN PIPES. 


BEFORE considering practical methods of measuring the flow 
of air along a pipe, it will be useful, in order to define more 
closely the requirements which must be fulfilled, to discuss in 
some detail the nature of the flow. This subject appears to 
have been first studied from a general standpoint by Osborne 
Reynolds, whose classical researches * showed that two dis- 
tinct types of flow are possible. Reynolds investigated the 
motion of water in straight horizontal glass tubes by means 
of a small quantity of colouring liquid introduced from a jet 
at a point on the axis near the inlet end. At low speeds of 
flow the colouring liquid was drawn out into a filament extend- 
ing along the axis of the tube. As the speed was gradually 
increased the filament remained perfectly well defined until, 
when a certain speed was reached, it began to depart from 
linearity some distance from the mouth of the tube, and to 
show evidence of the formation of eddies in the water. When 
the speed was further increased the region of commencement 
of eddy formation approached nearer to the inlet of the tube, 
until finally the thread of colour completely lost its individuality 
and became diffused throughout the body of the water, in 
which turbulent motion had now become general. With a 
given size of tube and the water at a constant temperature, the 
speed at which eddy motion commenced was more or less 
constant ; but if the experiment was reversed, that is to say, 
the speed was gradually reduced from an initial value at which 
the motion was turbulent, the eddies were found to die out at 
a speed which was much more definite and somewhat lower 
than that at which eddy motion commenced for ascending 
* Phil. Trans. Roy. Soc., 1883. 





Evitor’s Note: INSTRUMENTS has secured the Amet publication rights of Ch 
Measurement of Air Flow” by E. Ower. This treatise will be pul } riall 
STRUMENTS, the first installment appeared in the October 929 1 Th 
tre can be obtained from the INSTRUMENTS’ Book Shelf 








speeds. he colour method could, of course, not be 
this reversed experiment ; the ransition from turbu 
steady motion was detected in this case by observing the 
in the relation between velocity and resistance * to flow 
pipe which occurs when the type of flow changes. 

The speed at which steady flow changes to the tur 
variety is termed the higher critical velocity, and that at 
the reverse effect takes place as the speed is reduced, th: 
critical velocity. Since, as we have seen, the latter is t} 
definite, it is usually called simply the critical velocity, a: 
practice will be followed here. 

We see, then, that in dealing with the flow of water i1 
(and it will be shown immediately that this applies also t 
flow of air), we have two possible types of motion to cor 
In the first the flow is of the stream-line character, th 
slow and the inertia forces are small compared with the vi 
or tangential frictional forces existing between neighb 
elements of the fluid. It appears, therefore, that for tl 
of motion viscosity is predominant in determining the n 
of the flow, and it is, in fact, found that calculations of 
motions, based purely on theoretical reasoning, agree accur 
with experimental observations, the accord being so 


that methods based on the slow stream-line flow of liquid 


through narrow tubes have been adopted for absolute di 


minations of viscosity. The other possible type of motio 
turbulent ; in this case the speed is higher and, in conseque: 


inertia forces can no longer be neglected. 
It is necessary now to consider which type of flow o 
most commonly in engineering practice. For this purpos 


} 


shall require a definition of the coefficient of viscosity of a flu 
Let us take the case of a viscous fluid moving past a plane sur! 


the flow being everywhere parallel to the surface. The 
of viscosity, or the tangential frictional forces between 


jacent layers of the fluid, will be such as to tend to retard t 


faster moving layers and to accelerate those travelling 

slowly. It follows that the fluid nearer the surface will n 
more slowly than that further away ; it appears probabl 
that a very thin layer of fluid in immediate contact with 
surface will be at rest, and actual observation confirms 
deduction. <A tangential force will therefore be exerted or 
boundary, and a velocity gradient will exist in a dir 
normal to the surface. If v is the velocity parallel to th 


face at any distance y measured perpendicular to the sur! 


(Fig. 14), the velocity gradient at the surface (or the rat 


which the velocity increases as the distance from the su 
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' dv , oa 
increases) is given by _ measured at the surface, and if F 
" €@V 

is the total tangential force acting on an area S of the surface, 
the coefficient of viscosity (usually denoted by ,) of the fluid 
is defined as being such that 

dv\ 


k iS ; 
y \ dy’ surface. 


In general, we may, instead of considering the tangential force 
on the solid boundary, replace the latter by the surface of 


- 








separation between any two contiguous layers of the fluid 
itself, and write 
Ik se 
sit dy’ 


where j is now the velocity gradient at the fluid surface in 
ay : 


question. 

From this we see that . may be defined as “ the tangential 
force on unit area of either of two horizontal planes of in- 
definite extent at unit distance apart, one of which is fixed, 
while the other moves horizontally with unit velocity, the space 
between being filled with the viscous substance.’ This de- 
finition is due to Maxwell. 

We are now in a position to consider in greater detail the 
results of Reynolds’ investigations. From experiments con- 
ducted in pipes of different diameters with water, for which 
the value of » was altered by varying the temperature between 
5°C. and 22° C., he deduced the fact, which is of fundamental 
importance, that the critical speed v, occurs at a constant value 


. Ud : ‘ ‘ , , ; 
of the ratio -“-", where d is the diameter of the pipe, and p is 
b 

the density (mass per unit volume) of the water. He found 
also that this formula was applicable to other fluids besides 
water, and his and subsequent investigations have definitely 
established its general validity for the motion of all fluids 
along pipes. 

Experiments to determine the magnitude of the constant 

* If the velocity is proportional to the distance from the surface the 


gradient is, of course, simply - 
“4 
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~v dp . ‘ , 
value of at which the transition from turbulent to 
bf 
line.flow occurs agree in indicating an average figure of 
for parallel pipes of ordinary smoothness, so that for 


‘ L 
7 2000 f 
dp 
e f pi 
If we take the case of air at 13° C. is equal t 
? 
0-:00010 In foot-pound-second units (it should be rem: 
that p is the weight per unit volume—in this cass pe 
foot—divided by g, the gravitional constant) so that the 
; ; ; 0°32 ‘ , 
velocity in feet per second is given by — where d 1s 
k i z= i 
a 
If, for exampl we consider a one-foot diameter pe 
’ t | , 
critical velocity for air at I5° &. occurs at 0°32 feet pet 
alternatively, for air at 15°C. the critical velocity do 
reach one foot per second until the pipe is about 32 in 


diameter. 

It will be realised, therefore, that the stream-lin: 
air in pipes is exceptional in practice, and that in th 
majority of cases the flow will be turbulent. We shall 
fore consider this type of flow more closely, and defe1 
the end of this chapter a short discussion of stream-lin 
which it has been thought advisable to include for thé 
of completeness. 

The Resistance of a Pipe to the Motion of a Fluid 
along it.—Let us consider first a mass m of fluid moving alot 
a horizontal pipe at a speed v, which is uniform across 
section of the pipe, and subjected to a pressure (static pressu! 


Also let p, as before, denote the mass of unit volume of 
fluid. The kinetic energy of the fluid is given by }mv? 
the potential energy, i.e. the work necessary to bring 
mass of fluid from a region of zero pressure to a region wl 


mp 


the pressure is fp, is —-, so that the total energy (referred to th 


mean level of the pipe) is given by 


m(— ‘), i.e. by v (ee p): 


* The reader with a knowledge of dimensional theory will se« 
7 


U, dp 
the quantity - is non-dimensional, so that the value of the cor 
jl 


(2000) is applicable to any set of units 
' Throughout this chapter, unless otherwise stated, the ve 
in a pipe is to be taken as the mean velocity, i.e. the volume of | 
passing in unit time divided by the cross-sectional area of the pipe 
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since mt pV, where V is the volume of the mass m of the 
fluid. Hence the energy per unit volume of the fluid is 


pv? + p. 

It will be noted that each of the two terms in this expres- 
sion has the dimensions of a pressure, and that their sum is, 
in fact, the total pressure of the fluid which would be measured 
by the facing tube of a Pitot and static tube. If there were 
no resistance to the motion of the fluid along the pipe, and no 
loss of energy due to the formation and dissipation of eddies, 
this total pressure would remain constant. Actually, of course, 
such dissipation of energy does occur, and there is also a re- 
sistance due to the viscous forces acting at the walls of the pipe, 
which causes a further loss of energy. -If we consider two 
sections, one at each end of a straight length of pipe, we see 
that there will be a loss of energy as unit volume of the fluid 
passes from the upstream to the downstream section ; a corre- 
sponding amount of work will consequently have to be done in 
forcing this unit volume along the pipe. The resistance of the 
length of pipe between the two sections may therefore be taken 
as equal to this quantity of work. Further, since, as we have 
seen, the energy per unit volume passing a section is equal to 
the total head at that section, the resistance of the length of 
pipe will manifest itself by causing the total head at the down- 
stream section to be less than that at the upstream section. 

It is thus apparent that the resistance offered by a length 
of pipe to the passage of a volume of fluid along it may be 
measured in terms of the drop in total head experienced by 
the fluid in passing along this length, and in practice this method 
of expressing the resistance is universally adopted. 

So far we have considered only flow in a parallel-walled 
straight pipe in which the velocities at all points in a cross- 
section are the same, so that the mean total head at that 
section can be obtained from a single measurement at any point 
in its plane. We shall see shortly, however, that such flow 
rarely, if ever, occurs in practice. Experiments show that 
the velocities are not in general the same at all radii in a given 
section of a parallel pipe along which a fluid is moving steadily.* 
It is found that the velocity is usually a maximum at the axis 
of the pipe and falls away towards the walls, and there seem 
to be definite indications that there is a very thin layer of the 

* Steadily is here used in the sense that the motion is unaffected by 
external influences such as the eftect of the inlet to the pipe, or fluctua 
tions in‘the speed of the fan or other actuator producing the motion 
It is not to be taken as implying non-turbulent motion. 

+ Neglecting small effects such as the slight thickening of the retarded 
boundary layer of the fluid in contact with the walls, which occurs as 
the motion proceeds down the pipe. 
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fluid in contact with the walls actually at rest. Ws 
consider therefore how to measure resistance in an actu 
i.e. how to determine the mean total head across a 
where the velocity is not uniform. 

Before discussing the general case we may consider a 
parallel pipe, which presents no difficulties. In the first 
if the flow is parallel to the walls the static pressure acro 
cross-section must beconstant. If this were not so the ait 
tend to flow from the high pressure regions to those 
pressure, and the resultant motion would not be paral 
the walls. Secondly, once the flow has settled down 
normal distribution in a straight pipe (sce above), that 
a sufficient distance from the inlet, we may state that 
distribution of velocity at all sections is the same.t No 
mean total head at any section will be equal to the 
pressure fp at that section, which, being uniform, may b 
tained by a single measurement anywhere in the s 
together with the velocity head corresponding to the 
kinetic energy of unit volume of the air passing the sect 
If we denote the velocity corresponding to this mean ki 
energy by v, the velocity head is dpv?. 

Consider now a length of pipe whose end sections are de! 
by Aand B. The mean total head at A will be greater th 
mean total head at B by a pressure R, which is equal t 
work done on unit volume of the fluid in moving’from A t 
1.e. to the resistance of the length AB of the pipe. We ther 
have the equation, 


Lac) 2 1,7; 2 
2PUa I Ps 2Ps I Ps I Rp. 


Now since, as already stated, the velocity distribution 
sections is the same for the assumed conditions, 7, = 7 
(1) becomes 


The physical significance of this equation is that, for 
flow in a length of straight pipe, the resistance is measur 
the difference between the static pressures at the two 
of the length in question. It should be noted that p at th 
sections has been assumed to be the same, an assumption 
is strictly true in the case of an incompressible fluid 
water, and sufficiently accurate for most purposes 
fluids as air, provided the pressure difference p, py 1s 
compared with either #, or ~,. Fortunately this conditi 
usually fulfilled in practical cases of air flow, so that equ 
(1) and (2) may be used as they stand. 

Still confining ourselves to the case of the parallel 
we may consider the matter from another point of view 
pose F is the frictional force resisting the motion, pel 





INSTRI MENT 


a of the internal surface of the pipe, whose diameter is d. 
[hen the total resistance of a length / of th pipe is equal to 


I: mal, 


[his frictional force tends to arrest the motion of the fluid 
al ng the pipe, and, for the flow to proces d steadily, there must 
be an equal force acting on the fluid in the pipe along the direc- 
tion of motion. The latter force will be provided by the pres- 
sure difference between the two ends of the length / of the pipe. 
Calling the pressures at the ends p, and p, as before, we see 
that the force on the volume of fluid contained at any instant 
by the length AB of the pipe (Fig. 15) will be eiven by 


/ 7a” 
(P, Ps) 4 ’ 


acting along the direction of motion. Henc« 


Ps ee i ° . . . (2) 


The case of a pipe of varying cross-section is more compli- 
cated and, since the matter which follows immediately is con- 














cerned with parallel pipes, consideration thereof has been de 
ferred to the end of this chapter, in order not to interrupt the 


argument. 

The Characteristics of the Flow in Pipes.—<An ex- 
tensive investigation of the flow of fluids along smooth straight 
pipes of drawn brass has been carried out by Dr. T. E. Stanton 
and the late Mr. J. R. Pannell,* the experiments being intended 
to establish values of F for different fluids flowing at various 
speeds in pipes of different diameters. The fluids used were 
air, water, and thick oil, whilst the pipes ranged from 0-12 
inch to 5-0 inches in diameter and the speeds from 1 to 170 
feet per second. The resistance F per unit surface area of 
each pipe for each condition of flow was determined by measuring 
the pressure drop over a given length of pipe, which was situated 


* Phil. Trans. Roy. Soc., A., 1914, Vol. 214, p. 199 
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sufficiently far from the inlet to ensure that disturban: 
to entry had died away before the working portion was ri 
[he results are of the greatest interest and practical ; 


. | 
tance. It was found that when the values of —~ were 


pvu* i 


against re all the observations, irrespective of the fluid 
the diameter of the pipe, or the mean speed of flow, fell 
single curve; in no case was the departure from the 
curve greater than could be accounted for by the limit of 
experimental accuracy. The curve consisted of two part 
big 16), of which one—the left-hand portion corresp 


vd 
to values of below about 2000, i.e. where the flow was 
. 
vd 


stream-line character, and the other to values of 


1 


this, for which the flow was turbulent. The two branch: 

the curve were connected by a region of instability, « orrespi 

va 

ing roughly to values of of 2000 to 3000, which marked t] 
" 

transition from one type of flow to another. 

Turbulent Flow in Pipes.—As we have already 
turbulent flow is the type with which engineers are aln 
invariably concerned, so that the portion of the curve for valu 

vd 


of in excess of about 3000 is that which is of tmmedi 
l 


interest. Dr. C. H. Lees,* from an examination of the 
given by Stanton and Pannell, together with those of othe: 
investigators, has proposed the following formula for the r 
tance per unit area : 

ri y es =) 

‘ pi C:0009 -+ 0:0703( —} i? 


‘\(ed) 


whence, by the use of equation (3), we obtain 


‘ 
! 0-0036  O°305| 


d | vd, i 


where ~, and #, are respectively the pressures at the end 
and B of the length 7 of the pipe. 

The curve deduced from equation (4) coincides accurate 
with the mean curve through the points obtained by Stant 
and Pannell, and the portion of Fig. 16 pertaining to turbul 


flow has been calculated in this way. 


. io 
Ihe symbol » is extensively used to represent the ratio 
° - pP 


is called the ‘‘ kinematic viscosity ’’ of the fluid. 


* Pyoc, Roy. Soc., A., 1915, vol. OI, p. 46. 
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Equation (5) is of practical importance since it enables the 
resistance of smooth parallel pipes to be calculated for any 
condition of flow. It should be noted that the resistance, or 
pressure drop per unit length, does not vary as the square of 
the speed, since, if this were the case, the quantity 







° ? 
| 0°0030 






would then have a constant value, and the curve in Fig. 16 


would be a straight line parallel to the axis of —. It will be 
2 





noted, however, that the curve, although not parallel to this 






; " va . 
axis, tends to become so as the value of increases, so that the 
“ 





error involved by assuming that the frictional resistance varies 
as the square of the speed becomes less at the higher values of 


7 id 





on : . vd ‘ 
The highest value of shown on the curve is about 






Vv V 
400,000, which corresponds to a velocity of about 65 feet pel 
second for air at 15° C. in a one-foot diameter pipe. In practice 








0-0060 










00055} 







0:0050} 





0:0045) i 
saad Turbulent 


Flow 
















0 0040} t--7 \ SEES \ 
S$ ; Region of 
Q { | Instability 
0:0035} | 
. — +Stream Line | 
| Flow 
0-0025}—— _ e 
| | — 
| ae 
0-0015} | 75 | ‘ 
} 2000 3000 5000 10000 VY 25000) 50,000 100000 200000 (400.000 
SS ak Sa se Potes 1 n | 
ov 35 i 50 55 
og 











Resistance of smooth circular pips 









it is often convenient to assume that F varies as some power 1 
of v, and Lees * has deduced the following empirical expression 
for the index m, which fits Stanton and Pannell’s results with 











* 106. cul: 


good accuracy 


lor smooth parallel pipes we may therefore asst 


Ime 
' vd 
kv" and calculate » by the use of (6). For 
‘. 
where the region of turbulent flow may be regarded for pract 
purposes as commencing, n will be found to be 7h, an 


/ 
va F 
400,000 it be comes EO. The Se values are Str tly 


l 


cable only to smooth-walled pipes : the question ol 


pipes IS more complicated, as the degree of roughness 
the results to a material extent. It is found that as the r 


ness increases # approaches the value 2, in which cas 


will have a constant value, which appears to be somew 
higher than the corresponding value for smooth pipes 
the pipes ordinarily used in practice, provided they are r 
ably smooth, the curve of Fig. 16 and the values of ” obtai: 
from equation (6) will usually be found to provide a sufficient 
good basis for estimating the frictional resistance. 
Velocity Distribution Across a Section.—The forn 
the curve of velocity « 
[> -YK TT oT oY oT 1 tribution for a smooth pi 
IH = as obtained by Stanto1 
\Y shown in Fig. 17. Stant 
| found that up toa rad 
equal to o-8R, where R 
the internal radius of 
pipe, the distribution cu 
for a smooth pipe is pa 
bolic, so that the velox 
at a radius y (where ) 
less than 0-8R) is given | 


v, Va Ar?, 


where Va is the velocity 
the axis and A is a « 
stant.* 
_— In Stanton and Pa 
Bb 3 Slade Mild coe of Pine nell’s research on wall f1 
Biss’ te abiding elo -* ... tion, to which reference | 
, t} ; been made above, it w 
In many instances, foww 











\ PTTh NIT 
VNOLAA MI V1LO 


nvenient to deduce the mean velocity from a single reading 
the velocity Vz at the axis measured by means of a Pitot 
ibe, the static pressure being obtained from a hole in the side 


f the pipe.* For this purpose it was necessary to determine 
urately the relation between v ¢ and v, for all conditions of 
and a comprehensive investigation of this relationship 
was undertaken as a preliminary to the major research on 
wall friction. Although the results obtained were thus sub- 
sidiary to the main experiments, they furnish data which is 
at least of equal value to the engineer, since they enable him 
to obtain the mean speed of flow in a long parallel pipe 
from a single reading of velocity taken at the axis.* Fig. 18 
exhibits the results in graphical form. When the values of 


« 
1 


. va . : 
were plotted against it was found that all the points fell on 
, 


the mean curve reproduced in Fig. 18, irrespective of the fluid 


Fic, 


(air or water) or the diameter of the pipe 


below the critical, the ratio was found to be o-5, which, as we 

shall see shortly, is the theoretical value for viscous stream- 

line flow. At the highest value of — tain: 1e Value 
ra 

of the ratio was 0-81. This curve can be employed with con 

fidence to give a good approximation to the mean speed from 

a measurement ol v., provided that the section at which the 


* See ( hapter VIII 
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measurement is made is, as was actually the case in the ex 
ments under consideration, at a considerable distance fror 

inlet to the pipe, so that disturbances originating there 

have had time to die out. Stanton and Pannell took 

observations at distances varying from go to 140 diam 
from the inlet, since previous experiments had shown 

disturbances may persist for a considerable distance along 
pipe. In practice the section should be at least some 4 
50 diameters from the inlet. Although this restriction c 
tutes a serious objection which may often preclude th« 
of this method for determining the mean velocity of flow, « 
will frequently occur in practice where the necessary condit 
are fulfilled, and the method may be adopted. 

In the case of rough pipes, where the frictional resistai 
varies as the square of the speed, Stanton found * that 
velocity distribution was parabolic up to a radius very near) 
equal to the inner radius of the pipe, and that this distributior 
did not, as it did in the case of the smooth pipes, vary wit! 
the value of . The ratio— for these rough pipes had th 

v Ve 

value of about 0-76. It should be noted that the pipes in ques 
tion were artificially roughened, by cutting double screw 
threads on the internal surfaces, in order that the frictional 
resistance should vary as the square of the speed—a point that 
was verified experimentally. It will be realised, therefore, that 
the pipes were appreciably rougher than those commonly 
employed in practice, and it would thus appear that, subject 
to the restriction previously specified, the curve of Fig. 18 
relates sufficiently closely to ordinary conditions to justify it 
practical application. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional information 








New Fuel Flow Indicator 


(Commercial Engineering Laboratories) 


HE new Research fuel flow indicator em 
bodies the same general principles used in 
this instrument since it was introduced more than 
five years ago, but contains improvements which 
seem desirable based on the experience of th 
users of these instruments during this period 
Fuels of all kinds invariably contain foreign 
matter which is objectionable in the present day 
laboratory. It accumulates in the strainers and jets 
of carburetors which are being tested and event 
ually causes trouble. The new Research indicator 
is equipped with a new centrifugal edge filter 
which provides a large separator consisting of a 
cylindrical tank to which the fuel enters through 
specially designed jets. After the fuel is cleaned 
in this manner it passes through a Cuno edgy 
filter which consists of a large number of thin 
plates assembled with spacers. These thin plates 
are effective in taking out foreign matter which 
will readily pass through the ordinary filter. The 
very important feature of this filter is that it can 
be cleaned by a few turns of the handle without 
draining the fuel system or stopping the flow 
The accuracy of the new Research fuel flow 
indicator is greater than has heretofore been ob 
tained in any instrument of this type. It is possi 
ble to obtain this degree of accuracy by a special 
form of metering head and metering tube which 
were developed after many months of research 
All Research indicators are calibrated individually 
and repeated readings on the new instruments 


check each other within a small fraction of one 





percent 
The new instruments are also finished in a new 


crystalline lacquer which is very durable and 


which gives the instrument a very pleasing ap 





pearance. 








INSTRUMENTS D 


New Moll Recording 


Microphotometer 
(P. J. Kipp & Zonen) 
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Instruments for Production 


Testing Work 


P. MacGahan 


i hen mant 


nece t 
ICL COOILY 


ved 
An exampk 


nt kinds 
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be characteristi 
fective tubes will 
racy. Similarly 
ther production measurements 
m radio tubes 

Switchboard instrum: 


1 r 
n . - heir 
nt WOrk The I 


trol. The pointers are furnished with large 
ing at a distance and for the same reasons tl 
very heavy. The calibration accuracy of swit 
erally of the order of 3% allowabl 


*Meter I 
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nts are 


at different scale 


accurat 
considered essential and acceptable for 
obtained without exceptional care 
movement. The design of the bearings, pointers, and 


} 
yt , ie { 
UN USdave « 


1 
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to . + it 

intended tO with 


_ ‘ : a ‘ 
control work rather thar g the delicacy required for 
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BATTERY. 


: ; 
Portable instruments, however, are designed for use wher 


ti 
accuracy is required. The preferable position for the use o 
instruments is horizontal and this involves practical difficulties 
application to permanent testing benches designed for speedy prod 
testing such as in radio tubes or similar modern manufacture. It 
erally the practice to mount the test sockets on the top surface of 


bench together with the switches and other controls and mount 

instruments on vertical panels at the rear of the bench in 
nahle 
if es 


read by the operator making a self-contained outfit. This en 


a positio 


readings to be taken 
Figure 1 shows a bench of this character. Typical circuit cont 


are shown in Figure 2 as intended for testing 1'4y volt an 
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With large production it is ¢ 


ches ror testing of each 





connections and controls 


iments. This means 


ny different test 
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testing measureme 
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[ the SO called pane 
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intended for mass 
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qually applicab 






nspection readings or 





Briefly the “panel S 





panel or switchboard type cases and 


1 





high-accuracy portable instrument 





hand calibrated of the 


nd the calibration 







1 
the same experts that 


nstruments 






Therefore these instrume 


qualifications of the corres 


far as possible” in 






horizontal position of the pivot in 









ments there must of necessity be sor 
the bearings of portable instruments which ar 


This is due to 








contact between the pivot and the jewel is a 
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In horizontal 
int between the 
pivot an therefore at a point 
greater. Consequently, there is m 
ures 3 and 4 clearly show I 
The SC iles are almost id 

he cases however are only 434” in diameter 
he instruments are very compact indeed taking up the | 


I 
the nane] 


the nel he cases are made of | savy, soft-drawn st 


. . ] : 
movement from external magnetic fields A large il 


particularly in actual production of radio tubes 


1 
ument is the best suited for general 


;OnYy enourn 


, 
parts which 


1 | 7 
which would cause instability or variations in balancing due t 
rr other causes 
The happy mbination Ol 
1 
with switchboard 1d mounting hought 


and should find a large application in all k: testing 


horizontal position of portable instrun 


dard instruments 


] 


chosen as being both Gescriptive oO new type distinguishing 


"i - 4 
‘ | = ments” ar | 
portable standard instruments” and also from tl 


] +~1 
lw USUAL SWI1TK 


panel instruments 


“Gyrorector” 


(Pyrometer Instrument Company) 


HE method of operation of the “Gyrorector” differs fr 
scopic instruments serving a similar purpose known her 


iCast 


, , 
the gyroscope does not in this case stabilize its system, as usua 


by its own gyroscopic pressure, but has the object of controlli: 


lay, which operates in the sense of the actual gyroscopic 
forces. By such means the inventor has succeeded in obtaini1 
comparatively very small gyroscope, effects, which heretof 
when using very heavy and big fly -wheel-bodies, had been 
impossible 

The special working method of the gyroscopic systen 
with the special use made in the “Gyrorector” of the gyros¢ 


ments. One advantage of the instrument, which must not be 


rated, is the aperiodic swinging in. Whereas all gyro-pendulums 


heretofore, consist of systems oscillating periodically, which mé 


they readjust themselves to equilibrium by oscillating to and 


special quality of the “Gyrorector” is to glide slowly back into 
, 


sition of equilibrium without passing beyonc 


It is by such mea 
that it has been possible to avoid all wrong indications, which 


} 





s may Decome 


nce of resonance 
‘he “Gyrorector”™ 
sions 
It indicates the 
It indicates the 
It makes known 
| 


course W1 


1 grea 
‘he condition 
yrorector to 
ficial horizor 
The indicative par 
v > dial with 


narked 
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both indicates 

of the angle of 
gle-speed of the curvec 

Another advantage offered by the pendulum 
curved flights the properly inclined positio1 
fact that the pendulum in any improper position o 
deviate in the direction of banking. As already 
follows all lateral inclinations of the airplane, 
improper positions at first remain at the zero 
effect of improper lateral position in respé 
once suspended by a lateral acceleration of { 
aginative acceleration in its original degree could, howe, 
tinue for a very short period as very soon 
the lateral air resistance. Although such de 
is not noticed by the oc cupants ol 
sufficient importance to influence 
deviate somewhat in the direction of 
sequently to count with a little delay in t 
curve flight. At any rate it may be 
of lateral inclinations will 
ly within two to three seconds after thei 


this means that the pendulum, due to 
ecurrences much quicker than the human nerve 
tor in respec 


1 
} 


I¢€ 


ye indicated by t ) 


tne | enc 


ft 
A 
1 
{ 


( SX 


able to give useful service to the avia 
gation in curve flights 

With the “Gyrorector” as a safe operating artificial h 
ator never risks slipping or falling when at night, in fog, 


position of | 
| 


11S 


clement weather he no longer feels the 
lation to the earth. The “Gyrorector” makes it possible 
see at a glance, whether and by how many degrees the 
lateral inclination, whether the curves are taken correctly 
or whether the risk of slipping occurs by banking too 
quently the “Gyrorector™ offers the greatest possible saf« 
evidence on the following three direction moments: 
1. Lateral inclination (angle of the transverse axis of the 
the horizontal), 
Longitudinal inclination 
plane to the horizontal), 

3. Curve (direction and degree of 

Since by actually straight flying the needle of the magneti 
may be kept quiet, and then may be used as a reliable indicat 
rection, the “Gyrorector” provides at night, in fog and bad weatl 

4. The direction of the compass (angle of horizontal proj 

longitudinal axis of airplane to the meridian) 

It may be noticed that all four indications are referred to tl 
zontal. Owing to the high number of cycles of the three phase 
disturbances by the magnetic field of the gyroscope of ““Gyrorect 
avoided, and any magnetic compass may be placed next to it 
strument may be erected at any place of the airplane without 


7 
(angle of longitudinal axi 


horizontally taken curv 


of interfering with its indications. 





yecifications give 


it is a matter of 
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Elasticometer Spring Testing 
Machines for Tension and 
Compression Tests 
(Coats Machine Tool Co., Inc.) 


] 


varying results, 11 
variety of conditions gov 


> which cannot be brought under absolut 
2 ; 
nufacturers but also users of springs, tor this 








show over previous designs 
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> axis is mounted in the 


The remaining 


mechanism are packed in a box and wrapped sep: 
minutes on hand of an 
with each machine. It is practically impossible 
incorrectly 


also makes for easy 


1 
10t Only prevent 
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ry placing loose Wel 
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ing both compression ind tension stroke 
In addition, there are movabl 


Zernike Thermopile 


(P. J. Kipp & Zonen) 
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New Direct Current Instrument 
of Ultra Sensitivity 


© meet the requirements [01 ultra sensitive 
] rent instruments, the Jewell Electric t 
eloped in their Pattern No. 88 Instruments, 


roamperes, full scale 


These instruments 


umperes, respect 


1 
These microammeters 


search work, and may 
circuits, plate micré 
1 similar sort 
verted into vi 


. 
Despite the 
Pees . 
difficult to mar 
ape 
ost has beer 


reasonable pric 


New Airplane Gasoline Gauge 


(General Electric Company) 


HIS new 
gives accurate 
flight. It depend 


Oo be 
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The new gauge was designed ti 


ht weight and simplicit 


accuracy, li 
in electrically operated, remote indicating, pressure balan 
tric energy being supplied by the storage battery, dry-cell 
} | 


y 
~ 
1 


1 


] 1 
electric generator with which the aircraft 1s equipped A 


stallation consists of one or more pressure balance units, 


dicating instrument (actually a milli-ammeter 


] 


1KS 


having as many scales as there are separate tat 
a normally open hand-operated tumbler switch for 

ince. Every tank to be measured independently of the r 
the gasoline supply requires a separate pressure balance, b 
is merely necessary to measi 


one pressure balance ; > will serve the purpose 


An important part of each installation is the normally 
switch. This device insures a dead circuit at all times ex 
pilot wishes to read his gasoline supply, thereby 
sary consumption oO! electric energy and overcomit 
from broken wiring in the event of a crash 











The standard method of installing the pressure balances 
them into reinforcing plates welded to the under sides of 
If, however, one-unit systems are used in multi-tank shi 
pressure balance is usually located at some point near the 
various feeder pipe lines. The indicating instrument and eacl 
switch are conveniently mounted on the pilot’s instrument pa: 
to complete the circuit it is only necessary to run a length of 
twin conductor wiring between pressure balances, tumbler 
the indicating instrument and the electric supply 


Each pressure balance weighs approximately two pounds 
single indicating instrument weighs 5/2 ounces, a tumbler 
weighs one ounce and the twin conductor wiring weighs about 
ounces per foot. Thus an ordinary one-unit installation weighs k 


three pounds complete. 
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mber 


Lucky Altitude Temperature 
Correction Computer 


(American Paulin System, Inc.) 


HE Altitude 7 t 1 ~Kmputer 1 
- ment which provides the aerial photograph wit] 
ins for making corrections for errors 1n 
ich are due to variation in the temperatur 

rrors are negligible for most flying work, bu 


t 


the aerial photographer who desires to obtain 
: 
1 sults on days when the temperature varies greé 


This instrument is in the form of a simple, dis 
tion toa good altimetet (whose calibration is known to be accurate and 
cording to the latest standards) the only additional instrument neces 
sary is a strut thermometer, graduated in degre ntigrade 

The altimeter, of course, will usually installed in the au 
plane. The t 

xposed to the s 
the engine, and the computer may be carried 1 


1 
that 


hermometer should be mounted outside tl] cabin and 
| fected by heat from 


1 


ipstream where it will 
s supplied with it. Straps are attached s 
ilongside the photographer. 

The instrument is used as follows: Before take 

ee teas eee ’ = oe 
ture of the air on the ground and set both celluloid arms 


that the inner edges coincide with the 


t} 

togeth 
xicting 

eXISTINY 

1 

r) 


the “Temperature at Ground” scale. Lock bot 


humb screws 














Next take the airplane off and climb until 
roximately the elevation at which it is desire 
flown level for a few moments while the 
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mined as follows: Rotate the inner dial of th computer 
Indicated Altitude Scale,” the elevation given by the altin 
cides with the inner f tl vo arms. Next obtain tl 
temperature from the t thermometer. Without disturbing 1 
yne of the arms can be moved so that its inner edge coincid 
free air temperature on the “Temperature Aloft” scale. T} 
ment is made and the arm locked. The inner edge of thi 
then intersect the “True Altitude” scale at the correct ele 
which the airplane is now flying. The airplane is then climbed 
as found necessary to change the indicated elevation by a 
amount to correct the error. If the error was 
ited altitude 

j | that the temperature at th 
20° centigrade. Both arms are set to this value and locked 
now that the airplane is climbe an indicated altitude of 
The inner scale is n rotated until 1 
Altitude scale 


that the temperature of s now 0° centigrade 
unlocked and moved to the right to zero. The true elevatio: 
craft is then obtained from the intersection.of the inner edg 
Altitude” scale. In this instance it i 

order rat a true elevation of 12,000 feet tl 


nust descend 340 feet, or to an elevation of (12,000—34 


11,600 teet, as indicated by the altimeter 


OB Detachable Watthour Meter 


(Westinghouse Electric & Mfg. Co.) 
HE OB detachabk 
hour meter consists 
LE standard temperatur 
¥ y q aN | . a OB watthour 
obsbe y, housed in a weather-pr 
iS ty ota “a e and has these uniqu 
tages: 

Plug terminals whi 
installation or removal 
detachable meters 
plugged into place or rel 
in a moment like radio 

Suitable for mounting 
location, outdoor or ind 

Reduces labor, reading 
testing costs. 

Completely iron-clad and tamper-proof. 

Adjustable terminal block which permits mounting the meter 
conduit entrance at top, bottom right or left. 

Particularly adaptable to modern methods of conduit. wiri1 
ployed in apartment buildings 

This meter fills a long-felt want for a watthour meter that 
mounted either indoor or outdoor and that can be installed . 
moved quickly and easily 
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Light Intensity Meter 
James L. McCoy* 


HIS meter is self contained and carried as 
The light sensitive pick-up is a photos 
A window its cut in one side to admi 
ll unit is 


case 

hield 

The photo electric ce 
uble conductor cord making 1 


is without moving the 


t pi SS 


commercial uses 
smoke detec 

of quantity 

the Holland Tunnel 


in important role in 
(The I 


production resistance 


the light striking it.) There are 


| 
ristics vary materia ly 


heir charact 
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litferent materials to re 


made of | 
Research 


7 
vice, making 


units. 


| nse, COVvering the 
will fit in very well for 
bination of Mazda 


study of 
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1 straight line making it possible for the meter to give an int 
that will come close to th photographic results obtained wit 
light values. The use of this meter is suggested to be of cor 
value when colored pictures are taken because of the integrati 
values of different wave lengths of light through the visible s; 
The same cell can also be used for the measurement of nor 
daylight giving approximately the same values for the sam 
from a photographic standpoint. The photo cell as used is dir 
in its pickup making it possible to study the light from different 
The pickup can be made non-directional if so desired. 

The sensitivity is such that a range of full scale readings 
made from 100 foot candles to 3000 foot candles. We believe th 
of 400 to 500 foot candles, as read on a full scale of 1000 fo 
will fit the studio requirements the best, but this is a matter to | 
trolled by the professional studio man 

In order to provide a simple and effective means of calibrat 
meter, without returning it to the factory, we plan to mount 
voltage lamp in the meter case to check the cell for calibratio: 
definite spacing a calibration check can be easily made. The lar 
be a six volt type to be supplied with energy from a six volt ext 
battery. 

Mr. M. W. Palmer of the Paramount-Famous-Lasky Corp., ha 
doing some work with this photometer during the past few mont 
determine the light values on motion picture sets. He has inforn 
that while he was checking the light reflected from an actor's fa 
light intensity meter picked up the change in illumination caus 
this man lighting a cigarette. This incident may illustrate h 
tive this device is to change in light intensity 

We believe this device has an application in connection 
film printing machines. There are a number of different setting 
printing lamp required to have the film printed without glaring 
dark results. To control this condition, the different settin; 


y 
>t 


nN 
made by the operator. In order to try the light intensity meter { 
application, a special mask for the photo cell has been made t 
the aperature of the printer. Mr. La Grand of the Paramount: Fa: 
Lasky Corporation has been making tests to determine the 
value in this field. The meter has also been suggested as a 
analyze the light on a motion picture screen. 


Electrically Operated Scale for 
Determining Moisture Content of 
Lumber in the Dry Kiln 


(Fairbanks Morse Company) 


ALF-WAY between a modern sawmill and its shipping 
ment is the heart of the lumberman’s business. The success 
success of his business often depends on the efficiency of his dry 
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1 1 1 
able t rade qualit to lumber tha 
been abused In Its seasoning 
circulation, and humidity h | brought wel 
ithe devbila. over i i bins bail 
1 UIihe Gry-Klin Operator IS If) l f 8 ) ( 1G 
h reasonable accuracy the condition of his operation so far as tl 
1 ] 
ne kiln, closes the doors, and is to a reat xt t 
as to wnat 1s to happen i 1 kiln full of Ca 
ours or so. The only method he has for getting a 
g on inside the kiln is to open the kiln door 
veral times during the course of the charge, thus periodically upset 
ting all the temperature, circulation and humidity nditions he ha 
T. E. Heppenstall of Longview, Washington, became interested 11 
improved kiln drying practices. Working on the established fact that 
trom time to time, as the season progresses, is indi 
ilies 
moisture content of the stock, he set to work to design 
1 1 rt} 
machine to weigh lumber in the kilns whil ning. The scal 
1as been subjected to test after test for over two 
; 
years and has been brought to such a state of perfection that it 1OW 
reliable piece of dry kiln equipment 
= } 1 1 4 { 
an electrical device which indicates the moisturt content ol 
dries in the kiln. It has been test thoroughly and ha 
1 1 
been developed into an astonishingly simple instru t. Its desi 
. ly fas 1 1 ] I 
scientifically correct and it has a high degree of accuracy 
yf determining moisture content 1s by ins of w ht 
ee ae i alls Rati RTS SS TN Be ene ae 
which at present 1s the Only known accurate method a1 le standa 
for all methods. The scale is located on the roof of each dry kiln and a 
; 
down into the kiln; one or more representative boards ar 


r id extend 


suspended from this rod by means of hooks 


The regular method of predetermining th: 
resentative boards from the kiln is used, 
weighed, dried and re-weighed. Representative board 
should weigh about 60 lb. are then suspended ft 
hooked rod attached to the scale | 
le | s then set at a point where 


f chains and a 
poise on the scale bea 
100 per cent plus the predetermined percentage of 
ment is made by a hand knob until the scale beam is b 


the poise is set back to 100 per cent The scale 


m 1 


moist 


small sectl 


{ 


DOX 


locked, and the scale need not be disturbed until an 


in the kiln. 


The scale transmits its reading electrically to any 


such as an office or control room 


where t motor 


content in per cent of kiln dry weight 


The kiln operator at his office can tell at a g 
tion of the lumber in any of the dry kil 


lan 
Ins. The 


m 


moisture content without the necessity of making 
condition of the lumber can be 


day if necessary without any further attention by 
number of kilns can be thus equipped, but only one meter i 


watched every minute 


t 
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mol 


1 calculation 


1 
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be connected to any dry kj] 


Ase , 
i switchboard, which is conn 


1 | 
Is a relatively si 


1] 
il 


are subject 
1 ] 
in the dry kiln 


Its mad 


can he analyzed A Cnar 
throughout the run. 
1) 


ep 
CUUCE 


KNOW! 


assured 


y a predetermined 
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schedules 


known, the 


to the old method 
End drying causes errors 
overcome by painting the ends but 
paint costs money. Standar< 
tent indicator. Full 





N apparatus for the rapid vol 


iron and steel has been de\ 
The apparatus is made for us 

a high temperature, carborun 
) resistance combustion fur 


] 1 
and is exceedingly simple in 
nstruction and design. It con 
: hi] 
ts of a cooling tower which 
ngs the gaseous products of com 


tion to a constant value, a gas 
isuring burette to evaluate and 
= 
rd changes in volume, a gas 
] ] i 
ishing vessel, and a capillary 
1 ] . 
inifold to connect the various 
] 1 
rking parts One to another 
The ling wer ic } ae 
ne cooling tower 1s mad uy] 
i coil of capillary t 


water jacketed, and 1S located be 
tween the combustion furnace and 


is measuring burette, and serves 
purpose as mentioned above, 
bringing the gaseous products 
combustion issuing from the 
mbustion furnace to a constant 
value. 

The gas measuring burette con 
sists of a double-walled, water 
jacketed, glass vessel, the lower 
poruon of which is fitted with a 

] read 


iovable scale graduated t 
percentage of carbon direct. It is 
also fitted with a thermometer, and 
in automatic valve which regulates 
flow of gases, and is connected to 


1 leveling bulb used in making 
readings. By use of this unit, 
changes in volume of gaseous con 
tents before and after absorption 


carbon dioxide are recorded 


1 1 | 
The gas washing or absorption vessel is a 
jacketed, and is fitted with three automat 
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New Volumetric Carbon Deter- 
mination Apparatus 


(Birger Egeberg) 


1m 








gases. It is also designed to split the f 


insuring maximum scrubbing action 
removing the carbon dioxide formed during 
from the measured volume of gas contained 


OW OI 
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The manifold is a system of capillary leads, controlling th 
ot gaseous flow during the analysis by means of hand-operated t 
three-way stopcocks 

The general method of operation of the apparatus is relatively 

The total amount of carbon in a steel sample in the form 
turnings is completeiy converted in a stream of oxygen at a tem] 
of 1000° C. into carbon dioxide. The combustion of the steel 
weighing one gram which has been previously weighed in a | 
receptacle takes place in the electrical furnace, in which a | 
combustion tube is placed for receiving this porcelain recepta 
oxygen current passing through the tube forces the carbon dioxid. 
nated by the combustion together with the remaining oxygen 
burette, in which the gases are collected up to a definite mark 
py the water which serves as a sealing liquid. The combustio: 
are then led to an absorption tube containing caustic potash 
tion by means of which the carbon dioxide is totally absorbed 

The gases are then returned to the burette, and the amount of 
present in the sample is shown by the decrease of the volume 
be read in percentage direct 

The time required for a determination by use of this apparatu: 
ages three and one-half minutes, a factor of greatest importa 
analysis work. No technical knowledge is required in carrying 
tests, the cost per determination is very low, and accurate r 


carbon content are given to the second decimal. 


Engine Temperature Indicator 


For Aircraft 
Type DO-18 
(General Electric Company) 


NGINE-TEMPERATURE indicators of the thermometer typ 
commonly used in aircraft, indicate lubricating-oil or cooling 
temperatures rather than the temperatures of the engines thems 
In the case of air-cooled engines, it is customary to locate thermor 
in the lubricating-oil lines, or in water-cooled engines, in the 
water systems. Whereas both of these applications give indicatio1 
the general thermal condition of the engines, it is also important 
long engine life and dependable operation to know at all times th 
at which engines are heating or cooling as well as the temperatut 
vital hot spots. This is especially true of air-cooled engines, wher 
rapid heating may be detrimental and where very fast cooling may 
cur without visual warning to the pilot—for instance, during a | 
glide in cold weather preparatory to landing. Under such condit 
engines may become so cold as to fail to function if power is sudd 
needed—-without warning from the oil-temperature indicators 
The thermocouple engine-temperature indicator accurately meas 
the temperature of cylinder heads, cylinder walls, or any hot spots t 
may be of particular significance. It is instantaneous in operation a 
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1 


gives immediate indications of heating and cooling. A com 





erefore, 


te indicator consists of a thermocouple, twin-conductor leads, and a 


‘as 






t 


Id junction, temperature-compensated, remote-indicating instrument 





[wo different forms of thermocouples are optional with the purchaser 





One isa straight threaded design a:ranged to be screwed into a quarter 
ch tapped hole in the engine. The other is in the shape of a washer 


wv.) 
1 






ind can be mounted between the spark plug and cylinder head in t 





same manner as a gasket, making a very simple installation 







In the laboratory and test room, thermocouples have been used for 
this purpose for sometime, but they have been limited in aircraft appli 
cations by the necessity ot the operator having to correct for varying 





ir temperatures. This objection, however, has been overcome com 
pletely in the Type DO-18, as all corrections are automatically made by 
the instrument itself. The compensation is accomplished by the use of 
G-E metal No. 747. 

This metal has a peculiar property whereby its magnetic permeabil 
ity changes with changes in temperature. Placed in the magnetic circuit 
of the indicating instrument, it is affected by the same air temperatures 
is the leads and counteracts the errors which would otherwise be in 
troduced. 

No battery or electric energy supply of any kind is required, as th 
thermocouple generates its own electricity in proportion to the tempera 
ture to which it is heated. The thermocouple has no moving parts and 
nothing whatsoever to get out of order. The indicating instrument is 
made of the highest grade materials and represents the finest workman 














ship. 

The Type DO-18 engine-temperature indicator is accurate to within 
3 degrees Fahrenheit for ordinary air temperature changes. Where ex 
treme variations are encountered, such as between sea level and high 








altitudes, the maximum error is not more than 10 degrees Fahrenheit 
Since it is customary to calibrate the scales from 100 to 650 degrees 
Fahrenheit for air-cooled engines, the maximum error of 10 degrees i 






very small 
An indicator complete with thermocouple, 16-foot leads, and indi 
wet. They give instanta 





t 


cating instrument weighs 1 pound and 3 ounces 1 





neous indications of: 
1. Engine hot-spot temperatures 
2. Rate of heating and cooling—so that engin in be operated to 
give maximum life. 

3. Dangerous overheating and cooling in flight 


Prest-O-Weld Two-Stage Oxygen 
Regulator 


(Oxweld Acetylene Company) 








HIS regulator, which is designated the type R-109, incorporates the 
stem-type valves, which have proved extremely satisfactory in single 
stage regulators. It is designed to eliminate fluctuation in working oxygen 







pressures. 
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uief feature of the improved desi 


iccomplished through the medium of two independent set 
phragms, valves a ‘ings 


gn 1S two-stage pr 
Instead of reducing the full cylinde: 
down to working pressure, whic! 

me-stage, the R-109 regulator 
in two stages. In the first stage th 
pressure is reduced through a non-adjustable 


through 


reducing valvi 
Leaving the first stave 
im 


the oxygen passes t 
assembly, where the pressure is reduce 
operator, the second-stage reducing valve beir 

the hand wheel. Thus, instead of reducin; 

to working pressure, the second stags 
sssures within only a narrow 1 


r 
It 


I range, which it can 

pressure in the cylinder falls below about 175 Il 

ge valve remains fully open. It is thus 
system and the second-stage valve 


and diaphragn 
type R-109 regulator will operate with equal efi 


oxygen cylinder is full or nearly em 


automat 


y 


pty, and 
remain constant 

uuble sometimes ex 

valves with the adjusting screw of the oxygen-regulator turned 

permitting the full cylinder pressure to enter the low-pressure 

rupture the Bourdon tube 


damage the valve stem ot seat, 

largely eliminated in this regulator since it is impossible fot 

linder pressure low-pressure gauge. The first-sta 
] 


f such sturdy will withstand the most sever 


he past from opening 


‘ 


y to occur 
The type R-109 oxygen regulator supersedes the type R-1 
provided with 3000-lb. and 100-lb 


ferrul | 


gauges, and is equipped witl 
nose connection 


New Magneto Compass 


magneto compass, recently developed by the General I 
research laboratory as a very sensitive and accurate 
ument for aviators, has been developed to the 


C 


HE 
diré Ct 


OMpass 1S simple construction, accurate 1n readit 


has but a fra the weight of the older types of con 


a 
used 


new compass is a remote indicating device, operating 
the earth inductor compass but embodying many 
advantages rest in the use of pole pieces whi 


effect and, at the same time, concentrate the 


1's magnetic field, thereby producing a de 
The older types of remote indicatin 

> use of comparatively large rotating armatures 
‘ turns, whereas the rotatit 

ibout the size of a walnut, 


i 


comp 
1 
with 
1g armature in the magi 
with but a few turns, oper 


it 
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tively low s 
inds net. 








Advantages include reliability, li 
freedom from electrical and mechanical 


The first application of the magnet 


port service was made by the Boe 
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plane passenger service between the Pacific Coast and the G: 
‘he new transport service will carry mail and passenger 
| 


San Francisco and Chicago in 20 hours. This is the longest 


the world, and involves the greatest variations in altitude ai 
| 


ature found In any regular transport Operations In this COU 


| 


airplanes are the largest transports in regular long-distance fl 
ations in the United States 


New Ultra Sensitive Thermo 
Couple Instruments 


bes meet the exacting requirements of high frequency mea 
in various kinds of radio development work, the Jewell | 
Instrument Company has developed milliammeters using specia 
vacuum thermocouples in standard ranges as low as 10 milliat 
The vacuum thermocouy 
improved design, and will 
50% overload without 
These instruments are cont 
the flush type moulded black 
lite case of the size which 
becoming standard for mini 
struments, namely having a 
meter of 23% inches and a flat 
23 


meter of 2 inches 


These low range, high fr 
instruments are recommend 
wavemeter work, as well as 
determination of many circ 

stants using radio frequency current. Coil resistance, decrement 

sytic oscillations, and many other determinations may be mad 
these sensitive instruments without the necessity Of using 
type galvanometers with separate thermocouples 
The 10 milliampere range has 
1 5 


of approximately 65 ol ; the 


resistance across the bind 


da 

5 milliampere range has a r 
of around 16 ohms; the 50 milliampere instrument has a resistai 
about 6.5 ohms; and the 100 milliampere vacuum thermocoupl 


ment has a resistance of about 2.5 ohms 


Automatic Control of Hot-Blast 


Temperatures 
(Bristol Company) 


OR the benefit of those not familiar with blast furnace pract 
may be explained that the modern furnace requires a supply 
amounting to 40,000 cubic feet or more per minute, at a pressuri 
may be as high as 30 pounds per square inch. This air is forced | 
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e blowing engines into the 


f a group of four or five 
to the furnace. These “stoves” 
furnace installation. They ar 
sckerwork of firebrick, which is 
furnace. Provision is made for qui 
passing the blast through a freshly 


sive stoves cool a new supply of heat 
While the required temperatur 
value between 1,100 and 1,3 
peration should be maintained constant 
rature of the air’ as it enters the hot blast 
xtremely variable quantity, sometimes running 
with a hot stove. As the stove cools this valu 
is low as permissible, when it is the practice 
and put the other back on the gas 
The alternate heating and cooling o 
stoves is represented by the curve A in 








{400° 
















































































HOURS 
I 1 


to its highest temperature very rapidly, and the cooling extending over 
a period of from one to two hours. As these extremes of temperatur 
are undesirable, both as regards economies of operation and quality o 
iron produced, as well as having damaging effects on the furnace and 
associated equipment, it has been customary to eff i certain degres 
of regulation by means of a “mixing valve,” by ing a quantity of 


cold air directly into the hot blast main: and in \ designed installa 
tions the by-pass is so located that a thorough admi > is obtainec 
before the air reaches the furnace. This valve, manually operated, 
closely watched, is capable of materially improving conditions in 

hot blast main; but since an almost continuous adjustment 

it is already understood why such is seldom accompli 


I 
control be made entirely automatic. A temperatur 
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, , , , 
represents the results obtainable with ordinary hand c 


hich te . f ] he 
nigh Temperatures Nave Deel 


] 


+ - ] ] 
stove cooling materially lessened 


B, Fig. 1. The extremely u 
In the automatic regulation of hot blast temperature, the mixit 
is placed under control of a pyrometer actuated in turn by a 
couple located at a carefully selected point in the hot blast mait 
its temperature 1s representative of that of the air entering the 
The pyrometer, through a system of relays, operated the motor 


I)} 


valve in such a way as to tend to correct for any change of tem) 
] 


at the couple. The most elementary form of pyrometer control 
made to give a smoother regulation than could be obtained 
but the most painstaking hand control; and results would 

as represented at C, Fig. 2. But where the temperature of the 
air varies as it does, sometimes rapidly and sometimes slowly, it 
sary that the valve be capable of operation at more t 

that the controlling instrument be able to select that speed w 
best correct for the change. In the Bristol system several equi 
velocities of the valve motor are obtained by adjustable interrupt 
the relay circuits; and the settings are made so that the lowest vel 
are obtained with small deviations from the temperature for whi 
instrument may be set, and the higher speeds as the pointer 
farther from the ideal value. The very rapid rise of temperatur 
a hot stove is first cut in presents a special problem; and to meet 
it is necessary that the low speed operation of the valve be susp 
and the valve opened as rapidly as possible, until the full am« 
cold air is admitted. In the Bristol system this condition is automat 
anticipated, with the result that the objectionable peak is reducex 
negligible value. The curve D in Fig. 2 is typical of the results 
tained; and this theoretical curve is confirmed by the record in F 
which is reproduced from a pyrometer chart obtained under actua 
erating conditions 
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Chart Record showing Hot 
Blast Temperatures the 
result of Bristol’s Automatic 


Control 
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| DEGREES FAHA 














A typical installation of the 
pyrometer is of the same general typx 
of automatic control. It is direct 
tery; and in case of electrical 


recise and accurate readin 


y 


he scales, the regulating 
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The relay system through which the motor is 
interlocked, so that manual control may at any 
mn the automatic without “jamming” the action 
tem reverting to full automatic when the manual control is r 
when either limit of valve travel is attained. The inset in Fig 


desired value. 
is completely 


1 


superimposed ¢ 


the operating unit used for cable controlled valves; but the sj 
equally applicable to gate and butterfly valves. The operating 
be mounted on a pedestal near the valve, upon a saddle carr 
piping, or in many cases, directly upon the structure of the valv: 


The Treasure Chest 


(Thwing Instrument Company) 


HE Thwing Treasure Chest is a simple and practical che 
made especially for testing the accuracy of pyrometers and t 
couples. It is so designed and arranged that with it, it becomes 
simple matter to check any type or make pyrometer and therm: 
The Thwing Treasure Chest combines an entire laboratory equ 
into one compact simple unit 
It operates on the potentiometer principle, but it differs ft 
other potentiometers. Ordinarily a potentiometer is used to n 
e.m.f. only. This one not only measures e.m.f. in millivolts but 
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ged that it is actually possible to pass rrent (muillivoltage) from 
Treasure Chest and impress it into pyrometers of either millivolt o1 
1tiometer principle, to check their a acy this method checks 
taken at all points of the pyrometer le or chart. This can he 
only with the Thwing Treasure Chest by means of the Electrocite, 

h is not contained in any other potentiome 
ve Electrocrite is a variable auxiliary circuit by which current 1s 
ressed into the instrument being teste order to check its accur 
This current can be regulated to correspond to the e.m.f. values of 
thermocouple at various temperature pot nd in this way a pyro 
meter can be checked at every point on tl nost valua 
le feature, for it is quite possible for a pyrometer to be accurate at 

e points and inaccurate at other points 


The Thwing Treasure Chest has a long scak 
ure 101 millivolts which is totally unlike ai scales ust éi 
meters. The usual potentiometer scale is contained on ale 
In the Treasure Chest the scale is divided the major portion is 
tained in accurately calibrated steps of fixed resistances in units of 
from 0 to 90, and only a small portion of the scale is contained on the 
slide wire. This gives the advantage of the long scale by permitting 
open divisions in the scale graduations. The scale graduations 
divisions of 0.5 millivolts. Each division is sufficiently open 
easily estimated in values of .01 millivolts. The slide wire scale is cali 
brated from 0 to 11 millivolts and overlaps each unit by one millivolt 
This overlapping scale makes it possible to obtain any combination of 
em.f. values for cross-checking the accuracy of the Treasure Chest at 
all major divisions on the scale. This feature alone makes the Thwing 
Treasure Chest a most desirable instrument. It not only provides a 
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standard for 


>cfing 
{ til 


1g Pp} 
to the pyrometer 
the thermoc uple 
for each major 


5 
caupration 


resistance 
resistance 1n a pyrometer circuit 

A most efficient and quick way of testing a thermocoupk 
standard thermocouple is also provided. The two thern 


connected to the instrument 


obtained on each thermocouple, thus checking 
The Thwing Treasure Chest is unique in 

possible to check all types and makes of 

reading millivoltmeter types or potentiometer 


to check both indicating and recor 
sary, a pyrometer can be 


connecting the potentiomete! In) 


paring the two re: s obtained 

Pyrometers are guides 

They are as a compass to 

think of taking his ship out unless 
tested and found to be absolutely correct 

The same should be done with pyrometers and thermocoup! 
should be tested regularly and frequently to be sure that they 
their accuracy. The pyrometers in a plant should be a big 
paying investment. If they are 
ware, production, fuel and |: 
pyrometers are accurate is to make certain that products will 
For primarily one is interested in dollars and cents and inaccu 
meters mean so many dollars and cents wasted 

The Treasure Chest enables pyrometer users to test and 
own pyrometer equipment and know that the pyrometers are a 
Knowing at all times that pyrometers are accurate, is so important 
the value of such an instrument cannot be over-estimated. Plant 
iency depends upon such kn ig] tion 
h 


7 
tained and the high 
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Dairy Processes. Evert F. Nordstrom. Consolidated Ashcroft Ha: 
Company, Inc., Bridgeport, Conn., 1929. Half cloth, 5 x 8 in., 14 
36 figs. Price $2.00 

REVIEWED BY M. BERG RIMBACH 
III of the American Industrial Instrument Manuals. The 





INSTRUMENT 
“U” Gauge 
i jong Amthor ° 
new, 1n 


been alin’ 


purposes 
The gauge is of 
is the sum 
vater levels 
The scale can 
merely by sliding 
and tenths of an inch wi 





a 6” gauge 1s graduated 

The feature of this nev 
packing whereby the U 
breakage with cementing elimin 


between the U tube 





nection 
a cross plate ap tires ig the 
his is accomp lished by the turning 
The U tube is made of annealed gl: 
bore. All metal parts are I 
ick background with distinct white 
This gauge has a union connection 
It is made in the following 
ind 36” 
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Free oy ha to operating 
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H-lon Colorimetry 


HE Bausch & Lomb Hydro 

ger-lon Colorimeter is built 
according to the design of Pro 
fessor A. B. Hastings of the Uni 
versity of Chicago and the prin 
ciple used by Mines (1910) and 
Gillespie (1923). This model is 
based on the standard Duboscg 
Colorimeter, additional cups be 
ing provided for the use of both 
alkaline and acid forms of the 
indicator in either light path. 
Further auxiliary cups provide 
for the balancing of body color 
according to the Walpx le tech 
nique, in cases where such inter 
ference prevents the matching of 
the colors due to the indicators. 





Send for 

lon Colorimetr) 
letatled des 
ment, together 
phy and an arti 
Scientific Bureau 
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Bausch & Lomb Optical Co. 


637 St. Paul St. Rochester. N. Y. 
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Micrometer Caliper. Am« 
Brown & Sharpe Mfg. ( f Pr ler 
inch by ten-th 


The 


Testing of Tapered Normal Thread 
stattstechnik, Oct. 15, 1929, 
The starting 
Institute, dated Jani 


str en 











mber, 1929 INSTRUMENTS 





The BRAIN 
of the ROBOT 


HE machine has been humanized — 

Photo-Electric Cells and similar de- 
vices are its senses, minute electric cur- 
rents its nerve impulses, and the relay its 
brain. 
Sensitive to any current, from 20 micro- 
amperes up to thousands of amperes, the 
Weston Model 30 Relay offers a service of 
unparalleled satisfaction for operating au- 
tomatically controlled mechanisms of 
every size and character. 

WESTON ELECTRICAL 
INSTRUMENT CORPORATION 
Model 30 D.C. Per- 591 Frelinghuysen Ave., Newark, N. J. 


manent Magnet Type. 
Made as Current, 


Voltage aud Galvan- 

ometer Relays. Ex- *. © 
tremely sensitive— . _ 
regulates current or y Cenanne 
voltage within defin- SINCE 1888 


ite, narrow limits. 








PRECISION INSTRUMENTS for 


AUTOMOTIVE LABORATORIES 


MULTIPLE ENGINE INDICATORS 
which draw 
Indicator Cards from all cylinders, simultaneously and in phase are 
Indispensable to the modern Automotive Laboratory for studying Com- 
bustion Balance, Manifolds, and Carburetion. 
They are made in three approved types 
The Research Direct Pressure Indicator 
The Integrated Pressure Card System, made undet 
J. DeJuhasz and pending applications of Claude E. C 
The Balanced Pressure Diaphram Indicator 
Composite Pressure Cards by the Spark Method. Mad 
Newell Patents of the American Instrument Company 
The Telemeter Electric Indicator 
Individual Pressure Cards by the Oscillograph Method. Made 
arrangements with the Emery-Tatnall Company, licensees u 
McCollum-Peters Patents and under pending applications 
eral Motors Research Corporation. 
Air Flow Indicators, Fuel Flow Indicators, 
and Slow Motion Study Equipment. 


COMMERCIAL ENGINEERING LABORATORIES 
Makers of Fine Instruments 
4612 WOODWARD AVENUE DETROIT, MICHIGAN 
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INSTRUMENTS 


CURRENT LITERATURE REVIEW 


Application of Plane Diaphragms Instead of Collodion Bags for Dis alysis and for Determi 
Osmotic Pressure of ( ren il Solutions M 
i k zur | 


Color Measurements With the Moll Extinctiometer 
‘ MA M T 


I v | I I 


Automatic< Regulators and Their Utilization in Glass Industry 
( t ) 0.) liictr S 


» 
N 


EI 
The Belt Testing Machine of Skutsch-Reiman (D 
Hs G 4 Gone 


ELI 
Testing of Rail-Scales of More Than 50 Ton Capacity in Regard to Deflection (| 
G t W | f Bruekkend } ) 4 


4 


Application of the Planimeter for the Determination of Multiple Integrals and for Invest 
of Partial Differential Equations (Verwet J P ter r Best 

inp ' , tiell 1 

I l 


lies 
On the Stereoscopic Ability of Distinguishing Level Differences (Ucl 
f f ). M. Maurer. Zs. I nt, Sept 


Pract 


Mechanical Aid For Construction of Parabola, Hyperbola, and Arched Curves 
Oct 

\ \ E.E 

Levelling Instrument With New Device for Tilting the Telescope Including the Level 


Instrur t, Sept. 1929, pr ¢ 

V levell f the Sickler ( Karlsr j 

Checking of a Theodolite for Measuring Photographs in Combination with an Aerial Camera 
, { nd Regi che nes Pld, ¢ j t , ae ae Luft 


The SO-C. able 


Tt 1 SO) 


i th 


What May Industry acer from cgi een of Materials with X-Rays (Was 
M I ) t Roentgenstrahlen erwarten?) M. Jona 


) 


f X-1 


Adjustability of Calibration-Stations and Their Economical Significance for Power Plants 
ORES AEGON See FO igs a as” Fe eerie ieee “igs See ea ee Re 


M. Wien, Sept 
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CHOPPER cee 
PRECISION TESTING MACHINES 


for testing paper, textiles, rubber, metals and alloys, and 
other materials. 





for testing tensile strength, hardness, elasticity, bending 
strength, torsion, impact strength, detrition, folding re- 
sistance, abrasion, fatigue, permeability, moisture con- 
tent, humidity, etc. 

The firm of Louis Schopper has manufactured testing 
machines since 1881. Correspondence invited. We will 
give you the information desired and not subject you to 
a long and mechanical series of follow-up letters. 


SPECIAL MACHINES BUILT TO ORDER 


Sole Agent for the United States and Canada 


H. Z. SCHNIEWIND 


red 
Registered _— . 
Trade Mark 72 Duane Street New York, N. Y. 
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The Turee Meruops 
for STUDYING 


IN STRUMENT 5 Stress Distribution 
BOOK SHELF Ittach Huggenberger strain 


gages at several points on a 


Are You Using The 


member or structure. 


The Book Department of IN , “ = 
. s.KITC : ; pply a Aittemore hand strain 
STRUMENTS is in position to ee: dealin tx the. setlied 


supply any published work on gage points of predetermined 
Gade line S. 
instruments at the regular pub ; 
, 5 1 ttac h McCollum-Peters Ele 
lisher’s price. tric Telemeters at several points 
7 P . on a member or structure read 
Send for our latest list. Write ing strains on a panel board at 


any convenient remote station. 


us for any book you desire to 
This method can also he used 


secure—if it is in print, we will Sap Mee tandine 
get it for you promptly. Write for Booklet 
. SOUTHWARK 
Instruments Book Shelf Foundry and Machine Co. 
1117 Wolfendale Street Pittsburgh, Pa. 400 Washington Ave. Philadelphia, Pa 
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ubove companies, mention INSTRUMENTS 
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CURRENT LITERATURE REVIEW 


The Optical Chronograph (1 
\ ' \ r ¢ 


| 


E | 
th the Bunsen Schilling (| 


( 


Determination of the Specific Gravity wi 
t td I S ap ORE. 


I 


| S E | 


n>). A. F: 


Determination of COs in Gases if Acetylene is Present (D 


) i ¢ Hd Ef 


in Motor fF 


A t ‘ ‘ ‘OK 








S 


uels by Sulphurising (7Z 


Ch} 


On the Determination of Paraffine Hydrocarbons 


Pr ) 


EF 
Automat Instruments in Sugar Industry { 


( P S 


\ 


\ Magnetic Material Testing Method (1 
Met ‘ S . 0 ¢ 


I 


EI 
The Viscosimeter of B. Marschalko (D 


FF 
k E.] 
Methods and Apparatus for Referee Analysis in the Italian Petroleum Industry (Met 
\ te f Sc y t f t »). G. W s 
Oct 


I } 


On a Simple Electron Tube Volumetric Analysis 


Apparatus for Carrying Out Electrometric 
( } ( 4 


E.F 
and Pressure Regulators (D 


Pressure Reducing Valves 
Ss ( i rik ( 


Ls Dir 


S 


ularly for Screen Analysis 
r f 7+ \ ’ 


4 Distributor for Samples Parti 
fuer S y ja Oe Re Oe 
As eans , it 
ELF 
Careful Evaporation at Low Temperatures. Direct Condensation of Vapors on Water or I 
(Ss ail : ans | . — ¢ . sieren der D 


W ass jer Eis). E. Jant 


Direk S 


H. § f ( i k 4 28, 1929 


E 


of Sewer Gases in Chemical Plants, Their Detection and 
} Bolantns rFk vo 


Dangers Measurement (Gef 
K >). A. Ringel. ¢ 


Ss t Q ) r 4 4 


Ss 


} 


I 


Notes on Heat Meter (1 
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THULE AWS Ae BATES “387 
% 


Jor uni ormity and economy 


Recognized for accuracy, dependability, easy reading 
and easy operation. Testing machines o 

sign or special adaptation—for yarn, co 

rubber or other material where 

are governing factors in the selectio 

or checking of finished product. 


Write for further information 


———HENRY L. SCOTT Co. PROVIDENCE. R.I.- 








RUBICON COMPANY 


Makers of 
Precision Electrical Measuring Instruments 
Resistance Boxes Wheatstone and Kelvin Bridges 
Galvanometers — Potentiometers Magnetometers 


Permeameters—Standards of Resistance, Inductance 
and Capacitance. 


Special Measuring and Control Apparatus 
29 North Sixth Street Philadelphia, Pa. 








It Doesn’t Pay 


to bother with the old Bell-Ring Magnet 
when you can get a model DM Mes sohmer f 


$80.00 net 
r Bulletin N 


ini ] 
r full detail 


HERMAN H. STICHT & CO. 


21 Park New York, N. Y. 
1 Park Row New York 7 a 


PYRO OPTICAL PYROMETER 


With Direct Reading Iron Scale—No Charts to Consult 














<a -~ 
ee : 
Easy to Use. Practically 
Accurate | ; automatic in 
Economical i | operation. 


— . — 


Entirely self contained in one small unit—Weight 3 pounds. 


THE PYROMETER INSTRUMENT COMPANY 
50 Howard Street New York, N. Y. 


When writing ft 
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CURRENT LITERATURE REVIEW 
\ Portable Radio Intensity Measuring Apparatus for High Frequencies. ]. H 
N t ] l | A 44 


th 


with the Magnetometer or the Torsion Balance. 


( st Ss 


Control and Adjustment of Surveys 
Bart llet tl! 4 A 


Motor Control for Wind Tunnel. 
A rs ner ) a , fir 


Th 


Accuracy of Gas Determination Methods (Mess 
Shy r G { 1929 


ELF 
The Measurement and the Recording of Instantaneous Light Variations by Means of the I 
electric Cell and Stabilized Oscilloscope. W. | t 1, Er S S 


A71-K42 


btained from sever tvs f | 
4 Measurement of the Sound Pressure On an Obstacle. W. \\ 
A nvest ee oe oe { 


1] 


f an appendix. t racies of the methods of 


A Precise Electrometer Method for Voltage Transformer T esting. R. S. J. Sy 
S t 1929 f 114 114¢ 


The Rotor Bearings of Electricity Meter. W. | 


th t x 
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BUYERS*? GUIDE 


Of instruments and devices for measurement, inspection or control. 


If you are unable to find what you require in the Buying Section of INSTRUMENTS—write us 


and we will obtain full particulars for you without charge. Give complete information of requirements 








ABRASION TESTERS 
H. Z. Schniewlr 


COIL TESTING EQUIPMENTS Special 
N 


ACIDITY RECORDERS 
Leeds & Nort hru p Co 

, n ¢ 
AIR FLOW 
srown instr 
Commercial 
ALIDADES 
ALTIMETERS 

American Paulin System, Inc 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
AMMETERS— I: 

Jewell Electrical Instrument Co 
Rawson Electrical Instrument 

Company 

Westinghouse Elec. & Mfg. ¢ 
Weston Electrical Inst. Corp 
Recording 

Bristol Company 
ANEMOMETERS 
Taylor Instrument ¢ 


INDICATOR 
iment Cx 


eee. Labs 


mpanies 


ARMATURE TESTING EQUIP- 
MENTS 


Westinghouse Elec. & Mfg. Co 


ASPHALT TESTING APPARA- 
TUS 


Tagliabue Mfg. Co., C. J 
BALANCES 
Inc 
Schniewind 
BAROMETERS—Aneroid 
ial, Recording 
American Paulin System, Inc. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
BATHS—Constant tem 
water & oli 
American Insirument Com 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 
BRAKE TESTING METER 
American Instrument Company 
Leeds & Northrup Co 
BRIDGES, ELECTRICAL 
Capacitance, Conductivity, Hoopes, 
inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
Leeds & Northrup Co. 
Rubicon Company 
CABLE TESTERS 
Rawson Elec. Inst. Co 
CALORIMETERS—Peroxide, 
Oxygen Bomb, Gas Recording 
Burgess-Parr Co. 
CAPACITANCE METERS 
Rubicon Company 
CARBON DIOXIDE METERS 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
CEMENT TESTING INSTRU- 
MENTS 


perature 


pany 


American Instrument Cor 
CHRONOMETERS 
Tagliabue Mfg. Co., C. J. 
CLOCKS—Gauge Board 
Brown Instrument Co 
CLOUD & POUR TEST AP- 
PARATUS 


npany 


Tagliabue Mfg. Co., C. J. 
coILs 
Resistance, Inductance, 
Rubicon Company 


Special 


] Leeds & 


Mercur- 


R ‘ 
Westingl se Elec 
COLORIMETERS 
Akat Ine 
Tagliabue Mfg 
COMBUSTION ‘CONTROL 
EQuI NT 
Br con tome ment ¢ 
Leeds & Merthrep Co 
COMPASSES 
Taylor Instrument 
COMPARATORS 
Federal Products 
CONDENSERS—Electrical 
Leeds & a oe 
Rubicon ¢ 
CONDUCTIVITY METERS 
Indicating, 
Leeds & Northrup Co 
CONSTANT SPEED & FRE- 
QUENCY SETS 
Leeds & Northrup Co, 


& Mfg 


Companies 


Corp 


CONCENTRATION RECORDERS 


Leeds & Northrup Co 


CONTOUR MEASURING 
JECTOR 


Bausch & Lomb Optical ¢ 
CONTROLS, AUTOMATIC 
Condensation 

Tagliabue 
Damper 

sgrown Instrument C 

Leeds & Northrup Co 

Tagliabue Mfg. ¢ 
Feed Water 

Brown Instrument Co 
Filter Rate 

Brown Instrument Co 

Suilders Iron Foundry 
Float 

American 
Gravity 

Tagliabue Mfg. Cx 
Humidity 

Brown Instrument Co 

Leeds & Nort hrup Co 

Tagliabue Mfg. Ce ( 

Taylor Instrument Comi anie 
Humidity & Temperature 
Brown Instrument Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. ; 
Taylor Instrument Companies 
Liquid Level 

American Radiator Co 

Bristol Company 

Brown Instrument © 
Tagliabue Mfg. Co., C. J 
Motor 
American Radiator 
Pressure & Vacuum 
American Radiator Cc 

Brown Instrument Co, 
Bristol Company 
Tagliabue Mfg. Co., C. J 
Taylor Instrument 
Pyrometer 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Taylor Instrument Companies 
Wilson-Maeulen 
Refrigeration 

Anmferican Radiator Company 
Brown Instrument Co 
Teeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 


Mfg. Co., C. J 


Radiator ( 


Company 


mpany 


Companies 


Recording, Controlling 


PRO 


Company, Inc 


rthrup Co R n ¢ 


Tachometer 
Brown Instrumen 
Leeds & Northr 
H.Z.8 


Temperature-Time 


Taylor Instrument 
Wilson-Maeulen 
Thermostat 
I in 
merican 


Vacuum 
Brown Inst 

Unit Heater 
American Radiator Comy 

Valve Motor Operated 
Al Radiator ¢ 


rument Co 


Level 


Water 
4 


COORDINATOGRAPHS 
COUNTERS Revolution 


Stroke 
Bristol Company 
inn & Michels 
CURRENT RECORDERS 
Leeds & Northrup ¢ 
a ta REGULATORS 
nghouse Elec. & Mfg. 
ae COUNTERS 
adh na ig eae 
agliat Mfg. Co., C 
DECELEROMETER 
DEFORMETER (Beggs) 
Southwark Fdy. & 
DEMAND METERS 
Westinghouse Elec. & Mfg 
DENSITOMETERS 
Akatos, Inc 


1 
I 


DENSOMETERS 
H. Z. Schr wit 

DIVIDING HEAD 

Optical 
Bausch & Lomb Optiea 0 
Indust: ] & Inst. ¢ 


DRAFT GAUGES—see Gauges 
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CURRENT LITERATURE REVIEW 
New Instruments and Methods of Photogrammetric Exploration of Unexplored Territory 
G ¢ j +} nm f —_ 28 erin oantst . rf ter ( 
Aschenbrenner. Bild. u. Lufth M 


| r pr nted at tl I tsche Ges 


Measurement of Temperature of Flames (M 


Experiment Stat EJ 


Discoloration by Radium Rays as an Aid to Technical Investigation ( 
j seraiate { ee I | ). D. Przibs 


E.f 


Gas Analysis (G 


EE 
The Interconnected Integraph. R 


New Photographs and Evaluation Apparatus for Colonial Topographic Problems (N 
nd Auswer te fuer kolonial-topographis Aufgaben). R. Hugershoff. 1 


Marcl 


Diaphragm Draft Gage as an Aid for Control of Annular Kilns (Membr 


Tor Z il 


Betriebskontr KK 


Simp] rtat Irate ‘ 


xplained.—E.I 


Testing the Cooling of Glass (Uel 
lustrie, July 1929, N pI 


An apparatus of the Askania Werk 
nternal atrenecs Which characte: 
esting the Cooling of Glass (Uebe: 
Selenyi. Glasindustr Aug. 1929, N 
Authors discuss 1 f drawir 


Rapid Balances (Schr n und 
Scales are dis llustrated E.t 


of Modern Balances (G 


29 


Preparation of Mixtures by Means 
\ n). Glasindustt Jan., 1 
Three kinds are considered 
mixing s« log } } 
On Scleroscope Hardness, Impact Hardness and Their Relation to Temperature (| 
Ruecksprunghaerte). F. Rakoski and U. Schylla. Metallwirtschaft, Sept. 27, 1929 


Modifications of tl leros rdness Testing Machine are described with tl 


1 ir 


I 


The Condenser Chronograph 
sammte Schiess und Sprer 


hist 
his 


explosion velocity 


On the Question of the Determination of the Finest Constituents in Cement ( 


ing der fe Ant 2 B. * Pruessing. Tonindustr Ze 
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DYNAMIC BALANCING 
EQUIPMENT 
Electrocon Corporation 
EARTH CURRENT METERS 
Rawson Elec. Inst. Co 
ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co 
EMPLOYEES’ “IN AND OUT” 
TIME RECORDERS 

ENGINE INDICATORS 
American Instrument Company 
Lehmann & Michels 
EXTENSOMETER 

H. Z. Schniewind 

Southwark Fdry. & Mach. Co 
FATIGUE TESTERS 

H. Z. Schniewind 
FAULT FINDERS 

Leeds & Northrup Co 

Rubicon Company 


Weston Electrical Inst. Corp. 


FLASH & BURNING POINT 
TESTERS 


Akatos, Inc. 

Tagliabue Mfg. Co., C 
Taylor Instrument Co. 
FLOW METERS 

Brown Instrument Co. 
Builders Iron Foundry 
FLUXMETERS 

Leeds & Northrup Co 
Rawson Electrical Instr. 
FOLDING TESTER 

H. Z. Schniewind 
FREQUENCY METERS 
Indicating 

Jewell Electrical Instrument 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 
Weston Elec. inst. Corp. 
Controlling 
Leeds & 
Recording 

Bristol Company 

Leeds & Northrup Co. 
FUEL ANALYSIS APPARATUS 

Burgess-Parr Co. 
FUEL FLOW INDICATOR 
Commercial Engg. Labs. 
GALVANOMETERS 

Brown Instrument Co 

Jewell Electrical Instrument Co. 

Leeds & Northrup Uo 

Rubicon Company 

Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 
GAS ANALYTICAL METERS 
Chemical 

Tagliabue Mfg. Co., C. J. 
Electrical 

Brown Instrument Co 

Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companits 
GAS-METERS 

Brown Instrument Co 
GAUGE RODS 

Tagliabue Mfg. Co., C 
GAUGES 
Abselute Pressure 

Brown Instrument Co 
Tagliabue Mfg. Co., C 

Taylor Instrument Cos. 
Amantine 
B. Ames Co. 

Federal Products Corp. 
Comparator 

B. C. Ames Co 

Federal Products Corp. 
Cylinder 

B. C. Ames Co. 
Federal Products 
Depth 

B. C. Ames Co. 
Federal Products Corp. 
Dial 

B. C. Ames Co. 
Federal Products Corp. 

H. Z. Schniewind 
Differential Pressure 

Brown Instrument Co 
Tagliabue Mfg. Co., C. J. 


Co. 


Northrup Co 


Corp. 


INSTRUMENTS 


BUYERS’ GUIDE 


Draft 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., 
Taylor Instrument Com; 
Drill 
Bausch & Lomb 
Industrial App. & I 
Grinding 
Federal Products 
Liquid Level 
Bristol Company 
Brown Instrument ( 
Builders Iron Foundry 
Leeds & Northrup Co 
Tagliabue Mfg. Co., ¢ 
Taylor Instrument 
Loss of Head 
Brown Instrument (Cos 
Suilders Iron Foundry 
Pitch Diameter 
Federal Products 
Pocket 
H. Z. Schniewind 
Pressure 
American Paulin System 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C 
Taylor Instrument 
Pressure—Temperature 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C 
Taylor Instrument Cos 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Profile 
Bausch & Lomb Optic al ¢ 
il App. & Ir ( 


Corp 


Cos 


Corp 


Cos 


Industri 
Rain 

Taylor 
Recording 
Distance 

Bristol Company 
Brown Instrument Co 
Strain 

Southwark Fdry 
Teeeaaaee 
C. Ames Co. 

ti Z. Schniewind 
Volume 

Brown Instrument 
Water Level for Boilers 

Bristol Company 

Brown Instrument C< 
Wind 

Brown Instrument Co 

Taylor Instrument Companies 
GEOPHYSICAL 

Akatos, Inc 
GOVERNORS 
Pressure 

Brown Instrument Co 

Leeds & Northrup Co 
— Mfg. Co., C. J 
Pum 

Tagliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 
Akatos, Inc 
GREASE TESTING APPARA.- 
Tus 


Instrument Cos 


& Mach. Ce 


Co 


American Instrument Company 

Tagliabue Mfg. Usc., C. J 
GROUND DETECTORS 

Leeds & Northrup Co 

Rubicon Company 

Westinghouse Elec. & Mfg. Co 

Weston Electrical Inst. Corp 
GROUND-OHMER 

Leeds & Northrup Co 

Herman H. Sticht & Company 
GYPSUM TESTING INSTRU- 

MENTS 


American Instrument Company 
H. Z. Schniewind 
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HARDNESS TESTERS 
Akatos, Inc 

Industrial App. & I ( 
H. Z. Schniewind 
Wilson-Maeulen Company, 
HARMONIC ANALYZERS 
Leeds & Northrup Co 
HIGH VOLTAGE 
Measuring Devices 
Westinghou 
Testing Devices 

W 


Inc 


& Mfg. Co 


l & Mf ( 
HUMIDITY “RECORDERS 
Wet & Dry Bulb Thermometers 

Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co 

bue Mfg. Cc. J 
Instrument Companies 

HYDROGEN !10N METERS— 
Indicating 

Leeds & Northrup ¢ 

R n Company 
Controlling, Recording 

Leeds & Northrup Co 
HYDROMETERS 

Tagliabue Mfg. Co., C. J 
Taylor Instrument Con 
HYGROMETERS 

Brown Instrument Co 

H. Z. Schniewind 

Tagliabue Mfg. Co., C. J 

Taylor Instrument C« 


IMPACT SAROHESS TESTER 


panies 


mpanies 


H. Z. $ r 
IMPACT TESTING MACHINES 
Akatos, Inc 
H. Z. Schnie nd 
Alternating 
INDICATORS—See Gauges 
INDUCTANCES 
Ru n ¢ pany 
INSTRUMENT BOOKS 
Instruments Publishing Co 
INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co 
INSTRUMENT CALIBRATION 
ae REPAIRS 
Jewell Electri al Ir 
nr ‘ 


INSTRUMENT TRANSFORM- 
ERS 


ment C 


Tewell Ele Instr ent Co 
Westing e Elec. & Mfg. ¢ 
Weston Electrical Inst. Corp 


INSULATION TESTING EQUIP- 
MENT 
ay is & Northrup Co 


we nat ¢ Ele & Mfg. ( 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 
Leeds & Nort rt up Co 
R n Cor 
KLYDONOGRAPHS 
Westing! e Ele 
LACTOMETERS 
Tagliabue Mfg. Co., ¢ 
LENGTH MEASURING 
MACHINES 
H. Z. Schniewind 
LEVELS 
Centering 
Zausch & Lomb Optical Co 
Indust App. & Inst. ¢ 
Engineer's, Wye, Precision 
Prism 
Taylor 
LIME TESTING 
MENTS 


& Mfg 


Instrument Companies 


INSTRU- 


American Instrument Company 
LOCOMOTIVE INDICATORS 

Ar n Inst ( 

Laban & Mic hels 
LUSTER METERS 

Akatos, Inc 
MAGNETOMETERS 


Rut n Company 





MANOMETERS 

American Paulin System, 

Brown Instrument Co 
MASTER CLOCKS 
MEASUREMENT BOOKS 

Instruments Publishing Co. 
MEGOHMMETERS 

Leeds & Northrup Co 

K n Company 

Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 

Weston Electrical Inst, Corp 
MELTING POINT “oe ae 

Tagiiabue Mfg. Co., C 
MICROMETERS 


INSTRUMENTS 
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ORSAT APPARATUS 
OSCILLOGRAPHS 
Westinghouse Elec. & Mfg. Co. 
OXYGEN RECORDERS 
Leeds & Northrup Cc 
Tagliabue Mfg. Co., C. J 
PANTOGRAPHS 
PERFORMANCE METER 
PERMEAMETERS 
Leeds & No — Co 
tul ( 


Parse TESTING INSTRU- 
MENTS 


American Instrument Cor 
H. ZS 
PERISCOPES 


hniewind 


Recording 
Brown Instrument 
Leeds & Northrup 


Taylor Instrument Cos 


Thermo-electrie 
Immersion 
Bristol Company 


Brown Instrument Co 


Leeds & Northrup 


Pyrometer Instrument 
Taylor Instrument Co 
Comy 


Wilson-Maeulen 
Indicating 
Bristol Company 


Brown Instrument Co 
Leeds & Northrup Cx 
Instrument Con 


Taylor 


Westinghouse Elec. & M 
Wilson-Maeulen Con 
Recording and Controlling 
Bristol Company 
srown Instrument C 
Leeds & Northrup (x 
Taylor Instrument Con 
Wilson-Maeulen Compa 
Surface Contact 
Bristol Company 
Brown Instrumer ( 
Leeds & Northrup ¢ 
Pyrometer Instrument ( 
Taylor Instrument Cor 
RADIO SET ANALYZERS 
Jewell Electrical Instr 
Weston Electrical Inst. ¢ 
RADIO TUBE CHECKERS 
Jewell Electrical Instr 
Weston Electrical Inst. ¢ 
RADIO TEST PANEL 
Jewell Electrical Inst 
Weston Electrical Inst. ( 
REF RACTOMETERS 
Akatos, Inc 
Bausch & Lomb Optica 
REGULATORS—See Controls 
RELAYS 
American Instrument ¢ 
Jewell Electrical Instrur 
saets & Northrup Co 
Yestinghouse El & Mf 
Wass Wlectrical Inst. 
aceern METERING EQUIP 
MENT 


Sausch & Lomb Optical Co 
PHASE INDICATOR 
Westinghouse Elec. & Mfg. C 
PHASE SEQUENCE INDICA- 
TOR 


Herman H. Sticht Co. 
PHOTOMETERS 


H. Z. Schniewind 
MICROAMMETERS 

Jewell Electrical Instrument Co 

Rawson Electrical Instrument Co 

Weston Electrical Inst. Corp 

Wilson-Maeulen Company, Inc 
MICROFARADMETERS 

Jewell Electrical Instrument Co. Akatos, Int 

Leeds & Northrup Co sausch Lomb Optical Co 

Rubicon Company indus il p. & Inst. ¢ 

Weston Electrical Inst. Corp Leeds & Northrup Co 
MICRO PYROMETERS PHYSICAL TESTING MA- 

Akatos, Inc pte a 
MICROSCOPES 
Brinell 

Bausch 


Indust t. « 
Lehmann ~- Michels 
H. Z. Schniewind 
ithwark Fdy. & Mach. Co 
PITOT TUBE METER 
Brown Instrument Co 
PLANIMETERS 
Linear 
Brown Instrument Co 
Lehmann & Michels 
Radial 
Bristol Company 
POLARISCOPES 
Akatos, Inc 
POSITION RECORDERS 
Bristol Company 
POTENTIAL DETECTORS 
Teeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 
POTENTIOMETERS—Indicating 
Brown Instrument Co 
Leeds & Northrup Co, 
Rubicon Company 
Recording & Controlling 
Leeds & Northrup Co 
POWER FACTOR METERS 


& Lomb Optical C So 
il App. & Inst. ¢ 


Metallographic 
Akatos, Inc 

Bausch & Lomb Optical 
Industrial App. & Inst. Co 
Petrographical 

Akatos, Inc 

Bausch & Lomb Optic 
Industrial App. & Inst. ¢ 
Toolmakers’ 

Bausch & Lomb Optical 
Industrial App. & Inst. Co 
MILLIAMMETERS 

Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Inc 
MILLIVOLTMETERS 

Bristol Company 

Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Taylor Instrument Companies 
Weston Elecf. Inst. Corp. Jewell Electrical Instrument C< 

Wilson-Maeulen Company, Inc Westinghouse Elec. & Mfg. Co Leeds & Northrup Co 
MOTION RECORDERS Weston Electrical fnsi. Corp pagent nd 


Mechanical POWER FACTOR REGULA- tubicon Com] 
Bristol Company TORS ROTOSCOPE 


Lehmann & Michels R n Comnany Commercial Engg. Lahe 
MULTIMETERS Westinghouse Elec. & Mfg. Ce¢ RUBBER TESTING INSTF 

Rawson Elec PRESSURE METERS Bg 
MULTIPLIERS Z. Schniewind 

Jewell Electrical Ins PRO etna INeTRUNENTO” SACCHARIMETERS 

Leeds & Northrup Akatos, Inc 

Weston a Veet PROGRAM INSTRUMENTS Bausch & Lomb Opt 
NEPHELOMETERS PROTRACTOR Industrial App. & I 

Optical 


Akatos, Inc Taylor Instrument Cos 
OHM METERS Bausch & Lomb Opti ical Co. SACCHROMETERS 
Industrial App. & Inst. Co 


Jewell Electrical Instrument C« Tagliabue Mfg. Co., ¢ 
Leeds & Northrup Co PSYCHROMETER SALINITY INDICATORS 
— m Electrical Instrument Co. Reeording Rubicon Company 
icon Company Leeds & Northrup Co. 
eter H. Sticht and Company Tagliabue Mfg. Co., C. J. ey untewts 
Weston Electrical Inst. Corp Taylor Instrument Cos. Z 
OIL TESTING APPARATUS Sling 
Tagli eM ‘ ( Taylor Instrument 
Taylor Instrument C¢ PYROMETERS 
OIL TESTING EQUIPMENT Optical 
American Instrument Company American Instrument Com 
OPERATION RECORDERS Brown Instrument Co. 
Electrical Leeds & Northrup Co. 
Bristol Company Pyrometer Instrument 
Brown Instrument Cc Radiation 
Leeds & Northrup Co. Indicating 
Tagliabue Mfg. Co., C. J. Brown Instrument Co. 
ORIFICE METERS Leeds & Northrup Co. 
Brown Instrument Co Pyrometer Instrument Company 
Builders Iron Foundry Taylor Instrument Companies 


Rristol Co. 

Brown Instrument ¢ 

Leeds & a C 

Westinghouse Elec. & Mf 
RESISTANCES—Electrical 


Inst. Co 
trument Co 


Lo 
Corp 


TESTER 


SCRATCH HARDNESS 
SEISMOGRAPHS 


Companies 

Akatos, Ine. 
SHUNT METERS 

Builders Iron F 
SHUNTS 

Jewell Electrical Instr 

Leeds & Northrup Co 

Rubicon Company 

Weston Electrical Inst 
SIGNALLING DEVICES— Auto 

matic 
Brown Instrument Co 


SLIDE RULES 


undry 


Company 





Guide continued on Page 25) 





SOIL PRESSURE CELLS 
American Instrument Company 
SPECIAL INSTRUMENTS 
American Instrument Company 
Burgess-Parr Co 
H. Z. Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
Brown Instruinent Co 
ewell Electrical Instrument C 
Leeds & Northrup Cu 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. 
SPECTROSCOPES 
Akatos, Inc. 
Bausch & cage’ Optical Co 
Industrial / 
sPECTROPHOTOMETERS. 
Akatos, Inc. 
Bausch & Lomb 
Industrial App. & 
SPEED INDICATORS 
See Tachometers 
STANDARD CELLS 
Weston Electrical Inst 
STEEL TAPES 
STRAIN GAUGE 
Southwark Fdry. & Ma 
STRESS INDICATOR 
STROBOSCOPES 
Commercial Engg. Labs 
SULPHUR DIOXIDE METERS 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co. 
Tagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Leeds & Northrup Co 
Taylor Instrument Companies 
SUPERPRESSURE CATALYST 
EQUIPMENT 
American Instrument Company 
SURGE RECORDERS 
SYNCHRONIZING FORKS— 
Electrical 
Leeds & Northrup Co. 
TACHOSCOPES 
Brown Instrument Co 
TACHOMETERS 
Bristol Company 
Brown Instrument Co 
Jewell Electrical Instr 
Leeds & Northrup Co 
Pyrometer Instrument 
H. Z. Schniewind 
Herman H. Sticht & Company 
Westinghouse Elec. & Mfg. ¢ 
Weston Electrical Inst. Corp 
TELESCOPES 
Bausch & Lomb Optical Co 
Industrial App. & Inst. ¢ 
TENSIOMETERS 
American Paulin System, 


Corp. 


Optical Co 
nst { 


Corp 


iment Co 


Ine 


Company 


INSTRI 


MENTS 


BUYERS’ GUIDE 


TENSOMETER (Huggenberger) 

Southwark Fdry. & Mach. Co 
TESTING MACHINE— 
Universal 

H Schniewind 

Southwark Fdry. & Mach. Co 
TEXTILE TESTING IN- 

STRUMENTS 

H. Z. Schr 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 

Rawson Electrical Instrument Co 
THERMOMETERS 
Gas Filled 

Bristol Company 

Brown Instrument Co 

Taylor Instrument Companies 

Tagliabue Mfg. Co., C. J 
Mechanical 

Brown Instrument Co 

Tagliabue Mfg. Co., C. J 
Mercurial 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos 
Resistance 

Brown Instrument Co 

Leeds & Northrup Co 

Wilson-Maeulen Co., Inc 
Vapor-Tension 

Brown Instrument C¢ 

Tagliabue Mfg. Co., C 

Taylor Instrument Co 
Wet & Dry Bulb 

sristol Company 

Brown Instrument Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C 

Taylor Instrument Cos 
THERMOSTATS 

American Instrument C 

American Radiator Con 

Bristol Company 

3rown Instrument Co 

Taylor Instrument © 

Tagliabue Mfg. Co., C. J 
TIME OPERATION RECORD 

ERS 


nd 
ewind 


Tagliabue Mfg. Co., C. J 
TIME RECORDERS 

Brown Instrument Co 
TIME SWITCHES 

Westinghouse Ele & Mfg. ¢ 
TIME STAMPS—Automatie 
TIME SYSTEMS—Electric 
TIMERS 

Leeds & Northrup Co 

Rawson Elec. Inst. Ce¢ 
TINTOMETER 
TORSIOGRAPH 

Lehmann & Michels 
TRANSITS 
Eng neer’s, Surveyors, 
Pocket 

Taylor Instrument Comnanies 
TUNING FORKS—Electr:cally 

Driven 
Rubicon Company 


Mine, 


VALVES 
Auto matic ona oF 
Tagii: abue Mfg on. 8 
Balanced 
Brown Instrument 
Diaphragm 
Tagliabue Mfg. C 
Taylor Instrument 
eee Operated 
sgrown Instrument 
Rabeien 
Tagliabue 
Regulating 
Brown Instrument Co 
Tagliabue Mfg. Co., C 
Taylor Instrument Cos 
Safety, Fuel Shut-off 
Tagliabue Mfg. Co., ¢ 
VENTURI METER 
Brown Instrument Co 
Builders Iron F 
VIBROGRAPH 
Lehmann & Michels 
VISRORETED—-DAVEY 
tleectrocon Corporation 
vennananee 
lectrocon Corporation 


VISCOSIMETERS 
‘ n Instr 


Mfg. Co., C 


ndry 


‘ ( 
Tagliabue Mfg. Co., C 
Taylor Instrument 


VISCOSITY TUBES 
\ I 


Cos 


VOLT-AMMETERS 
Tew I t i 
Weston Electr 
Westir Ele 

VOLTMETE RS 


_tadieat ang 


Weston Electrical Inst 

Heseraine 

Br 1 Company 

Leeds & Northrup ( 

Westi e | & Mfe 
WATER METERS 
WATER & SEDIMENT 

RATUS 

Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 

W I 


& Mf 


APPA- 


WATTMETERS 
Indicating 
lewe 


tawsi 
W 
Weston Electric 
Recording 
sristol Company 
WAX MELTING ale ag llega 


Tagliabue Mfg. Co., C 








le 


the dependable precision instruments for 


indicating piston engines of 
Four sizes, for speeds up to 
for 
applications. 

S. Navy Department 


Special indicators 
rarious other 
Users: U. 


Ag) Indicators 


all types. 
2500 R.P.M. 
locomotives and 


and others. 
LEHMANN & MICHELS, Abt. I. 


Hamburg-Altona, Germany. 











INSTRUMENTS 


Ames Micrometer Gauges 


For almost every testing and measuring re- 
quirement—Precision Instruments for laboratory 
use—Upright Dial Gauges—Thickness Gauges— 
Dial Gauge Heads—Pocket Gauges—Com- 
parators— Densimeters— Lens Measures— 
Halftonometers — Paper Gauges — Rubber 
Gauges—Automatic Gauges. 

Precision with speed and extreme accuracy. 


Send for complete 
information about them 


B.C. AMES CO., Waltham, Mass. 
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Made by 
FRANZ SCHMIDT & HAENSCH 


Write for Literature to 
Sole Distributors 


AKATOS, INC. 


Engineering Building 114-118 Liberty Street New York City 




















CARD SECTION 


CLASSIFIED CARD SECTION ADVERTISING RATES 


Boxed Display Space, 2 x 7g ins. $10.00 per insertion 
Positions Wanted Advertisements, 2 x 7/g ins. 5.00 per insertion 


Address advertisements and replies to Instruments Publishing Company, Pittsburgh, Pa. 











Thermometers and Hydrometers Control of Temperature 
industrial. Scientific Pressure, Level, Flow, etc. 
‘viene acum ft meetin 7] Automatic Temperature 
FR. FLEISCHHAUER & SON SweetS Control Co. 
$936--187 Place Hollis, N. Y. 


us di Philadelphia, Penna 

















E. S. LINCOLN 
Consulting Electrical Engineer 
Designs Investigations Reports 

Electrical Research Laboratory 
Paper and charts 


GRAYBAR BLD. THE STYLOGRAPH CORPORATION 
, 3 
420 LEXINGTON AVE., N. Y : C. Scottsville Rd., Rochester, N. Y. 

















ENGRAVING MACHINES Pastor Stop Watch — $9.95 


MARKING MACHINES ey eam ee, Se 


GRADUATING MACHINES mt ia 


H. P. PREIS x Co. STERLING STOP.WATCH CO., Inc. 
227 FULTON ST. NEW YORK 15 East 26th Street New York 

















The The Davey Dynamic The 
Vibroscope Balancing Equipment Davey Vibromete: 


A portable stroboscope A portable instrument for balancing A sensitive instrument 
for observing mechan- all types of rotating parts while for the measurement of 
isms in motion. running under their own power vibrations. 


ELECTROCON CORPORATION - - - - 6 Varick St., New York 











When writing to the above companies, mention INSTRUMENTS 





INSTRUMENTS D 


INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be 
mounted on cards, and filed in your desk or in a file box on top of your desk. You 
have within easy reach an index of instrument information of incalculable valu« 








SOME IMPROVEMENTS IN BALANCE DESIGN 
J. T. NICHOLS. INSTRUMENTS, Vol. 2, No. 12, December 
424, 1 f 
I 





APPLICATIONS OF THE ELECTRIC BALANCE TO 
MATHEMATICAL FORMULAI 
PERRY A. BORDEN. INSTRUMENTS, Vol 


425-432, 6 figs 





MEASUREMENT—INDUSTRIAL & SCIENTIFIC 
DR. WALTER BLOCK. INSTRUMENTS, Vol 
pp. 433-442, 11 figs 


I 





MEASUREMENT OF AIR FLOW 
E. OWER. INSTRUMENTS, Vol. 2, No , December 


> ngs 











DIAL INDICATORS 


Comparators Fabrie Gauges 
Amplitying Gauges Rubber Gauges 
Thiekness Gauges Tap Comparator Gauges 


Depth Gauges 

Thread Lead Gauges Gear Tooth Comparators 
Piteh Diameter Gauges Cutter Testing Gauges 
Cylinder Gauges Internal and External 


Paper Gauges Grinding Gauges 
FEDERAL PRODUCTS CORPORATION 


PROVIDENCE, R. I. 
WESTERN BRANCH: 7888 WOODWARD AVE., DETROIT, MICH. 
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Depend On 


HERE is scarcely an operation in the manufa 
ture of textil th: loes not | for careful cor 
Our extensive line of sideration oO -mperature or humidity to insure uni 

Cc ill cove: ur F 
cmtalogs a ae formity of quality anc conomy Of production 
particular interests. A discs ' ‘ é ‘ ‘ 
letter, stating what you The worth of ycos instruments 1n the Textile 
make or what instru- Industry is proven by th ycos System of Auto 
ments you use, will cel Slasher C 1 ] 

: : , matic Slasher 
bring detailed informa- 5 : ; * 
tion loom stoppages Throughout the Industry from the 

Spinning Room to the Power Plant there are Tycos 
Instruments for indicating, recording and control 


reduc e warp 


ling temperature and humidity conditions of th 
numerous intricate pr 
Your interests may no 
experience we have had in 
of our ability in other 


at your disp sal 


Taylor Instrument Companies 


ROCHESTER, N.Y., U.S.A. 


CANADIAN PLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING IN GREAT BRITAIN 
TORONTO SHORT & MASON, LTD., LONDON 


aS os sh te 


Zeenm SIXTH SENSE OF imow eT RY 


Tycos Temperature Instruments 


INDICATING “JJRECORDING ~ CONTROLLING 


Fics such Shee ae 
il ei eas 
* awen > 
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Pages 


The Most Extensive Line 
of Recording, Indicating 
and Controlling Equip- 
ment for the Industries, 
including: 

Pressure and Vacuum Gauges; 
Liquid Level Gauges; Electrical 
Boiler Water Level Gauges; Re- 
cording Thermometers; Indicat- 
ing and Recording Pyrometers; 
Recording Psychrometers; Re- 
cording Electrical Instruments 
(including Voltmeters, Miéilli- 
Voltmeters, Ammeters, Milli- 
Ammeters, Shunt Ammeters, 
Wattmeters, Frequency Met- 
ers); Mechanical Motion Re- 
corders; Electrical Operation 
Recorders; Indicating and Re- 
cording Tachometers; Engine 
Counters; Revolution Count- 
ers; Averaging Instruments; 
Gaugeboard Clocks. Also equip- 
ment for automatically control- 
ling Temperature, Pressure, 
Liquid Level, Liquid Flow, 
etc.; together with Motor Op- 
erated and Solenoid Controller 
Valves, and Control Panels. 


Philadelphia 
Pittsburgh 


Boston 
New York 





about BRISTOL’S 





The Bristol Company, Waterbury, Conn 








of Information 


§ Recording 


Psychrometers 


HEREVER atmospheric conditions are to be controlled, 
knowledge of relative humidity is the key to securing an 
maintaining desired results. 
designed to record this information automatically and continuous! 


Bristol's 


Recording Psychrometers arg 


Such records can be readily filed away, an 
are valuable, both as a source of engineering 
data, and for reference in settling disputes. 


Instrument Models described in this ney 
Bristol's Catalog can be adapted to meet @ 
great variety of installation requirements 
They are easy to install, and are noted fo 
simplicity of construction, accuracy and sen 
sitivity of operation. 


Catalog #2100 should be in your referencé 
file. A copy will be sent on request to an 
interested person. 


To aid in planning installation details 
Bristol’s Engineering Service is at 
disposal—without obligation. 


your 


St. Louis 1 Francise 
Denver L s Angeles 





Chicago 


Birmingham 


Akron 
Detroit 








